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Adulteration of oils 

Sir. This refers to Adulteration ol 
edible oils by N (i Waple (S.R , 
April 1*^84) The author has wionply 
stated thaf Argemotw mexiranu 
weed infests mustard fields lie has 
also slated that seeds ol Arpemane 
nu'xuana may get mixed with 
mustard seeds more by accident than 
by design We wisfi to emphasise that 
■\r^eminie mi'MCdnu is not indige 
nous to India but has been intro 
duced from Mexico The wecsl, 
commonlv know n as f’ricklv poppv'. 
never grows along with imisiard 
plants, nor does it loim part 
of the laltei Aigemone glows m 
wasielands l.;nscrui>ulous traders, 
however, collect Argciiione seeds 
and delibeiatelv mix tfiem with the 
seeds ol various vaneties ol musianl 
like lirawirci i'iirrif}t'\lrn v ai I'nnxn 
tuna 

I he pioblem ol '.he two seeds 
lotrking alike has tvoen solved scienti 
licallv in tnii labv'ialorv b\ using 
optical microscope, stereo bini>culai 
and scanning electron microscope 
Vi I S'X ( l\ I’I V 
.1 P {ioxxi 
1 i' L vmb V 
Dcfuirimcni ol BoUin\ 
KiiniK\hc!rii I 'nivt'i\!i\ 
Kunik'' heira IJ211'I 

Antimicrobial properties ol milk 

Sir, The artwle (Icrmicidal 
properties of milk (.S'/?. March 
P)S4i bv V K Biiiish. .1 S Yadav 
and 11 Chandet was iptonmitue I 
would like to add some moie inli>i 


mation to it I'he normal human milk 
also contains an antiprotozoal 
substance, besides antibacterial 
factors, which is lacking in cow or 
goat milk. Trances Gillin and David 
Reiner of University of California 
Medical Centre and Chi-Sun Wang 
ol the Oklahoma Medical Research 
f-oundation {Science. Vol. 221. p 
1290) have isolated a novel anti¬ 
biotic like substance (seems to be an 
enzyme) from normal human milk. 
They named this substance as bile 
salt stimulated lipase (BSL) The 
cultures of (iumha himhUa (a major 
cause of gut disease, prevalent 
among children). Fntamoeha hvxto- 
hiica (dysentry amoeba) and 
/'nch(onono\ vafiinalix (causing 
diseases in urogenital tract) was 
expvised to various concentiations of 
normal human milk lor various 
lengths of lime Three pei cent milk 
killed halt the parasites within TO 
minutes and even 0.3% milk killed 
them 1 his antiprotozoal property ol 
human milk is nv)t related to anti 
bodies though its mode ol action is 
still unknown 

G.S Bishi 
PO. {'irhhadra 
Ri'ihikcsh-249202 

Fibonacci numbers 

Sir, The article on Fibonacci 
numbers published in S.R.. Feb 
1984 was interesting. 

Propel ty 11 can be generalised as 
each n"’ term of Fibonacci series is 
divisifile by T-,^' i e. 
each 2"' term is divisible by 1 ( - F J 
each 3'"' term's div isible by 2 (= F ,) 
each 4'*’term IS div isible bv 3t Fa) 
each term is divisible b\ .''( FU 
each (f'term IS div ioble bx H( F^) 
each 7"' term is divisible by 13 ( -F-) 

each I.'''*' term is divisible by blO 

(~ F I <, ) 

each n"' lenn is divisible bv Fn 

SvIlirNOt S.VRKAR 

.^5 Rha^ohati Chatterjee 
Street. Calcutta 700056 


Bird migration 

Sir, Bird migration by Vishnu 
Kant Pathak and Atanu Kumar Pati 
(S.R., Feb. 1984) was interesting 
and informative. Different species of 
migratory birds, different kinds of 
migrations, stimulus for migration, 
ecological significance, etc. were 
dealt with in detail. However I wish 
to add the following. 

Altitude migration is notable 
amongst 'Pheasant birds'. In the 
spring, these birds flock up to occupy 
higher zones and move back to foot¬ 
hills (Himalayas) and plains in 
winter. These migrants are at the 
verge of extinction due to brutal 
hunting by local people. 

T.J Roberts had observed the 
migratory red necked phalaropes 
{Phularopus lohatus) in Pakistan. 
These migrants spend the winter at 
Sirandah lake so close to the open 
sea Surkhab valley also attracts a 
number of breeding migrants in 
summer. 

AccipitcrpuUins seen in Andaman 
and Nicobar Islands is a .strong 
migrator, taking of) in winter in some 
numbers to as fai south as Sumatra 
and Jawa It docs not grv fai east. 
It has been described as a scarce 
summer-visitor in Korea by Gore 
and Won (1971). There arc breeding 
records in .lapan also 

Reference 

fournal of the Bombay Natural 
Hixtorv Society. Vol, 77 (1) & Vol. 
77(3). 

SP, V. Tamii.mani 
Research Assistant 
126, R.K. Mutt Road 
Madras-600028 

Birds in colours 

Sir, Birds in colours by Vinod 
Kumar {S.R.. March 1984) was 
interesting. Factors responsible for 
colouration in feathers of birds 
were quite informative. However 
mention mav be made of Uie 'Indian 
[Continued on payc 440) 



ON POSITIONING OF 
SATELLITES 


A. V. PATKI 

Spacecraft orbital manoeuvre and attitude control are a part 
of the sophisticated practice of space technology. Their 
understanding would unravel the mysteries of the Universe 


F our hundred years ago, man 
believed that the earth was at 
the centre of Universe and that other 
bodies revolved around it. With the 
Copernican mrxlcl, tius belief was 
shattered and the science of astro¬ 
nomy was revolutionised. Stars and 
planets were differentiated. The 
planetary motions were studied in 
detail and the famous Kepler's laws 
were discovered. After a few more 
ycais, Newicm and his gravitation 
theory gave the analytical base and 
quantum boost to man's under 
standing ol the Universe. 

Today, movements of ‘heavenly’ 
biKlies can be explained by very 
simple laws of physics The same 
laws that goverri the movement of 
these celestial objects also control 
Ihghts 111 man-made spacecraft and 
artificial satellites. 

The study of ffight-path ol these 
objects is divided into two phases 
controlled ffiglit paths and uncontrol¬ 
led flight paths The first phase 
correspond, to the powered (lights of 
rockets and spacecraft and is known 
as astrcxiynamics while the .second 
phase concerns the natural motion of 
these bodies in the absence of pro¬ 
pulsion. called coasting phase, and 
covers most aspects of celestial 
mechanics This study . in addiUon to 
tile simple laws ol motion (also 
established by Newtoni. forms the 
famous 'N'ewton's law of gravitati¬ 
onal attraction ' This, in its basic 
(orm. states that two bodies attract 


each other w'ith a force proportional 
to the product of their masses and is 
inversely proportional to the distance 
between them, vi/ , G mim. 

f- — ,- 

r* 

These laws determine the spacecraft 
motion, in essence. Though simple in 
its basic form, the study becomes 
highly mathematical, partly because 
of other bodies involved and partly 
because of other elTccts However, 
the high speed digital computers and 
the proper engineering judgement 
make the motion predictable to suffi¬ 
cient accuracy needed lor a particulai 
mission The motion of a spacecraft is 
luither split into a combination of a 
translationary motion and rotational 
movement. In spacecraft terminology, 
the first rcfeis to ‘orbital mechanics' 
and the second to the ‘attitude- 
dynamics'. Though these motions are 
often coupled, theory and also 
practice allow- separate treatments of 
these aspects 

Let us restnet our attention to the 
practical orbits ol man-made satelli¬ 
tes. If we neglect the effects of far-off 
bodies, we get a situation known as a 
two-body problems. Further, mass of 
the spacecraft being much smallei 
than the other heavenly objects, we 
get what IS known as central force 
motion. This central force motion 
results in o'bits ol the form ol the 
conic sections with the focus at the 
centre of attraction There are various 
parameters and their combinations 


which can describe an orbit comple¬ 
tely, the simplest being the position 
vector at a particular time, say at 
launcher burn-out condition. Depend¬ 
ing upon the total energy (potential + 
kinetic) the spacecraft enters either 
elliptic, parabolic or hyperbolic orbit 
(Fig. 1). The latter two types of orbits 
arc nonrespective types and are used 
for planetary and interplanetary 
probes. The rest of the interest is 
centred around elliptical orbits in 
which case the spacecraft is referred 
to as a satellite. 

Orbit classifications 

There are three parameters of 
primary inierest in the orbit classi 
fication. The first one is the incli¬ 
nation (!) of the orbit plane with 
reference to the equator. Depending 
upon this inclination, orbits are 
known as equatorial, polar or inclined 
orbits. The second parameter is the 
eccentricity (e) which is a measure ol 
the deviation from the circular shape 
Near circular orbit refers to a very 
low ((’). while elliptical orbits refer to 
the high eccentricity orbits, with 
transfer orbits falling in-between. 
The third parameter is the semi major 
axis {a) of the ellipse, which repre¬ 
sents the mean distance of the satellite 
from tlie centre of the earth This is 
also a measure of the energy of the 
orbit, highcra meaning higherenergy 
From this point of view, orbits are 
classified as near earth orbits, low 
earth orbits, and high earth orbits. This 
(«) incidentally alsodecidcs uniquely 
the period of the orbit. This period 
increases from about dO minutes lor 
near-earth orbits to about 27 days for 
moon's orbit (Fig 2) 

From the application point of view, 
two orbits are ol special importance 
First one is the stationary orbit used 
by most ofthe communication satelli¬ 
tes It IS a special case of circular, 
equatorial orbit with a period of one 
side-real day In this case, the 
rotational speed of the satellite coin¬ 
cides with that of the earth and it 
appears stationary from any group ’ 
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1 4 ' 1 Siilcllik- iirbils 


Once aliened. Ihi- ground 
antenna can rc(,ci\c signals coriti 
nuoiisK lioin the satellite without 
luithei steering oi tracking This 
I'-eing ;i gieat ad\ tintjige, il is the most 
ciowiled oibit tiKlav. with moie than 
I (Ki asti\ e satellites oi.cup\ mg dillei 
ent (xisitions on it Since llic satellites 
heie leniain stationaiv w ith leleience 
totheeaith the\ arc specified h\ the 
longitude ol the suh satellite (>oint 
te g V-l t foi INSAT IH) 

1 he • ccoml most pupul.u oihit is 
the sun s' iiehiiiiuius uthit I Ins is a 
spc..!al slass 111 ncai polai oihits 
wh ch inamtains ns mclintition with 
n.lcreikc to the sun I his Inis been 
iull\ exploited loi the purgKisc ol 
i'hoioei aph\ and lemotc sensing 
missions Ihctspuall andsat 11’S.A i 
oibit IS inclined at 'hi to the ecimitoi 
1 he satellite make'. 14 oibils da> 
leappeaiing at a gnen point at a 
I'aiticiilai local time 

Hesuies these, theie aie a \ ariels ol 
othit' III use due to dillerent coiisidei 
alii no such tis launch \ehicTe sons 
iiaiiits hunch site- locatK'ii, gjound 
stat' ns aiailable and paiticiilai 
missK.n lecjuiiemcnts 


Station keeping 

I he actual oibits, conti ars to these 
simple models, tire petturbed b> 
m;m> taclois. T he\ include sell 
propulsion and manoeuvring, non 
s\mmetr\ in the gravitation potential 


K E r t ( V)/ ' 
Vp4 


of the earth, lunar, solar and other 
planetary gravitational forces, drag 
and radiation effects, magnetic field 
effects, relativistic effects, etc. A 
mission needing precision targeting 
has to take care of all these effects. 

The major practical difITculty 
arises from orbit decay, which is 
associated with the loss of kinetic 
energy mainly due to drag effects of 
the rarefied atmosphere. This effect is 
pronounced for near-earth and low- 
earth orbits. Unless compensated for, 
this results in eventual lowering of the 
orbit which makes the satellite enter 
the den.se atmosphere and burn up. In 
fact, below 150 km altitude, the 
satellite life is only a few hours. At 
about 1000 km altitude these effects 
arc rather mcxJeratc. At synchronous 
orbits, the drag effects arc negligible 

The total effect of all these pertur 
bations is to shift the relative or 
desired position of the satellite, 
necessitating a corrective mechanism 
to restore the same This process of 
correction is called ‘slation keeping'. 
It is done by means of small thnisters, 
powered by compressed gas, which 
give known impulses in the right 
direction to compensate for the 
energy loss. 
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Orbital Period 



Orbital Velocity(e = o) 


TYPICAL 

ORBIT 

PFRIOD 


. Scmi Major Ams 

f 

600 Km i 

(ARYABHATA) 


36,000 Km 
(APPLE) 


96 min 


VELOCITY 75 Km/sec 


t Day 
3 1 Km/sec 


384,000 Km 
(MOON) 

27 Days 

1 Km/sec 


I'ig. 3. Attitude control 


Attiliido coiilrol 


I Ik- ililtc-rfrit s.'itellilc missions, in 
.ukliiH'ii [(.t ;i particular orbit, need 
particular orientation in space For 
example the antenna needs to point 
to an earth station in a communi¬ 
cation satellite, or the camera needs 
to scan a certain area on earth on a 
lemote sensing satellite, or a detector 
needs to fxiint to a particular location 
m the skv in a scientific satellite 


certain sapee-probes the detector 
needs to be pointing in a fixed 
direction (as in a photographic- 
mission with a spinning satellite). In 
such cases spin axis may have to be 
oriented permanently perpendicular 
to the orbital plane. 

A polar mission with a camera, 
such as Landsat, needs to point 


always towards earth. A synchronous 
communication satellite with a 
shaped antenna also has a similar 
requirement. Control on all the three 
axis orientation is needed (or these 
advanced missions. Such a require¬ 
ment also exists for guided missiles 
and most of the launch vehicle stages 
need accurate trajectory control. 

Stationary communication satelli¬ 
tes with an earthpointing antenna use 
a special technique known as ‘dual 
spin". The main btidy uses the spin 
mode with spin axis normal to the 
orbit plane. Only a small portion with 
the antenna is mounted on the top of a 
plattorm which is de-spun at a rate 
such that It always points towards the 
earth. 

In the attitude control of a 
itationary communication satellite 
usingthree axis control, the rotational 
motion IS measured in terms of the 
movement of the body axis called 
yaw. pitch and roll axis, defined 
similar to that of an aeroplane. In this 
case, the body axis and the desired 
oneniations (bracketed) are shown in 
Fig. 3. For the desired ground 
coverage, it is necessary to station the 
satellite at the pre determined 


Similar to the New-ton's law on 
relating lineai momentum to force, 
we ha\ e a relationship connecting the 
change in angular momentum to the 
applied torque This forms the basis 
ol the s.itcllitc attitude control which 
aims at oi tenting the satellite axis to a 
desired pre determined direction 
Without control, a satellite has no 
fixed orientation and even a small 
disturbance can make it tumble 
Spinning cues it stabilitx such that 
the i>rientatK>r. of the spin axis 
remains fixed in space In case of a 
tw-o stage unguided rocket, (or 
example, spinning helps to maintain 
the direction m case of a small distur 
bance. Often this is not enough and we 
neetl alsi > to contiwl the orientation of 
the spin axis f dr example, in case of 
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IxiMtidn and orient ttic axis as shown 
That will adjust the beam centre at the 
required position on the ground 
Howevei. perturbations as mention 
ed eailier al'f'ect the attitude ol the 
satellite That, in lurn.generates error 
or a mismatch. For a given position, 
the errors in these axis locations shift 
the actual beam centre on the earth It 
can be seen that the change of orien¬ 
tation of 0 1 in roll axis will shift the 
beam centre by 65 kni in North South 
direction Similarlv, a 0 I error in 
pitch axis will shift the centre by 
similai amount in F.ast West 
direction. For the shaped antennas, 
the yaw error will make the coverage 
rotate about the beam centre Hence. 


an appropriate control system, basi¬ 
cally generating controlled torques is 
housed in these satellites to control 
the axis in the desired directions. 

Spacecraft orbital manoeuvre and 
attitude control are a part of the 
sophisticated practice of space tech¬ 
nology Their understanding, which 
has been the key factor behind the 
numerous successful missions, took 
time to develop This knowledge 
would grow and excite ever hungry 
minds trying to unravel the mysteries 
of the Universe. 

Further reading 

1 Kaplan. M FI , Modern Space¬ 


craft Dvnamics & Control, New 
York. Wiley (1976). 

2. Barger. V. & Olson. M.. C/ass(co/ 
Mechanics- A Modern Perspec¬ 
tive, McGraw-Hill (1973). 

3. Baber, David, The Rocket . The 
History'& Development of Rocket 
and Missile Technology (1978). 

4. Richard K.olk.'WModern Plight 
Dynamics, Prentice-hall (1961). 

5. Haviland & House, Handbook of 
Sattellite and Space Vehicles. 

6. Goodger, E.M . Principles of 
space-flight propulsion. Perga- 
mon Press (1970). 


LETTERS {Continued from page 4J6) 


pitta', a rnigratory bird from the foot 
ol Himalayas to the south, even upto 
Sri Lanka, that attracts considerable 
ormtliological interest owing to its 
coloui Lhis bird is comparatively 
smaller than our common Indian 
Mynah As a matter of fact, one can 
easily notice olive brown, yellow, 
blood red. blue, green, black and 
white (white eyebrow patch) colours 
on its leathers The colour also 
exhibits enchanting shine in sunlight 
This peculiai coKhii pattern protects 
It Irom predators to a great extent 
while resting on the small branches of 
trees and searching foi food (milli 
pedc) on (he ground But there is no 
dilteience in colours between males 
and temales Fliesc birds are seen m 
.ibuiulaiKC dining September to 
Niivember at Point Calimere in 
1 a nil I N.idu 

Ri'ti'iinci 
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Research {ssisiant 
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Ribosomes 

Sii, I read the article What is new 
in ribosomology by D.P Burma 
{SR. March 1984) with absorbing 
interest Surprisingly, the author 
failed to distinguish the procaryote 
Irom cuciu'yote (page 103, it should 
. a eucaryote). Actually, procar¬ 
yote docs not possess organised 
nucleus and other cell organelles like 
chloroplast, mitochondria etc. On the 
other hand, eucaryote is equipped 
with a nucleus and other cell orga 
nelles Similaily. the yeast posses 
sing a well defined nucleus is a 
unicellulai organism instead of being 
multicellular Hence, it is included 
among eucaryotes 

Sit-\siiM A Assvki 
Research Fellow 
Department of Botany 
\MI . ‘Migurh 

n 

Sir. Thank you )oi publishing the 
article What is new in ribosomo¬ 
logy by I) P Burma (.V R . March 
19X4) In the article, the author has 
grouped all unicellular organisms as 
piocaryotcs which is not correct 


Prokaryotes include only simple 
small cells comprising blue-green 
alga, bacteria and viruses They lack 
nuclear membrane and clearly defin¬ 
ed membiane limited organelle such 
as mitochondria, chloroplast, Golgi 
bodies and lysosomes, and do not 
have elaborate structure of chromo 
somes. The authoi has also defined 
yeast as multicellular organism 
(p. 103) Actually it is a unicellulai 
organism but is not a prokaryote 

Girindka Raima 
Ga u hati Vn i vers it v 
Gauhati (.Assam) 

I am sorry that the mistake crept in 
inadvertently In the draft of the 
manuscript it was written Prokar¬ 
yotes are usually unicellular orga¬ 
nisms In the final manuscript 
the word 'usually' was somehow- 
dropped out. I am thankful to Kalita 
and Ansari for pointing out the 
mistake. 

D.P. Burma 
Department of Biochemistry 
Banaras Hindu University 
I 'aranasi-221005 
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Hie most advanced welding tedinoiogy 
is yours for the asking—Philips 


Philips electrodes, tborougbiy letasdicd 
aod exclusively formuiated, cover 
virtually all applicatioosl Fact is, through 
decades. Philips have made major 
contributions to welding worldwide. 

And Philips have set an unmatched 
record in solving ‘difficoh* 
welding problems. 

So if you have any tpedSc welding ^|jl|| 
pcobtems, Philips can help you too. iV|l|li 
Juat get m towchi yV'lll' 


Yes, mab me more informadoa on 
Philips ElactrodM 

Namci ■ 

Desiensaiva: 

Am of AppiicatioB; _______ 


Compsay/AddreM: 


•il«i 

■ l\ 


For further details, vrite to: 

Philips India — Weldmg OMehm. 

3 MIOC Industrial Araa, 

Tbana Balapur Road, a%sj ■ s ■ 

Pom Box No 7S. PnlLIPS 
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NEUROLOGICAL ENDOCRINOLOGY: 
THE COORDINATING MECHANISM 


A D. DIWAN 

The nervous and endocrine systems are integrative in nature for they provide the organism 
with sophisticated external and internal sensing devices which feed information into the 
central nervous system for appropriate responses of the target systems 


T Hr prodiiciKHi and dispersal of 
ehemical siihstances within an 
nijian'isni which subserve definite 
mlejtratiiij; and coordinatinf: roles, 
.iiid iheiehy supplement the activity 
ol the ncTMiiis elements, aic charac 
leiistic ol all living things Such 
siihstances may I'e referred to as 
chemual coordinator’- In short, 
ecerv cuhstance which enters body 
lliikls liom the external environment 
Ol Irom constituent cells of a higher 
oi(’,aiiism conirifiutes to the nor 
m;il composition of tfie internal 
medium is a chemical coordinatoi 
Such cliemical coordinators may be 
more lesiiicted m then region of 
oiigin witinn the hcKly and adaptncK 
pailKipale in a specialised activity 
wiitiiii the oieamsin Many groups of 
liic'lie! organisms have specialised 
I’landiilai cells, tissues or organs 
which I'roduce such coordinatory 
Mihsiaiices toi the organism as a 
w hole 

Ihe most imporiaiii piunt to 
emphasi/e lor comparative physio 
KH'ic .il pur|K>ses IS ih.it ill a number of 
pin la aiul classes of animals special 
chemu-.il substances aie ptivdiiced 
w hic 11 .re essential to normal develop 
mem .ind liiiiclional intcgiation of the 
N'dv 1 he iv'ints ol oiigin witliin the 
oiiMinsin the specific chemical 
natiiie ol the liornumes and the 
methodsol transport aie secondary in 
import.UK e I'he nature v'f the result 
.111! etlects depends as much on the 
n.iimc I'f the reacting tissues as on the 
. lie mil .d piopeities ot the circulating 


hormone The ability to maintain 
con.slancy is observed to a high 
degree of development in the 
mammals through the integration of 
nervous and hormonal systems and to 
a lesser extent in the low'cr verte 
brates. The invertebrates also have 
similar mechanism of regulation, 
although they are considerably less 
exacting The two major integrative 
systems of the body, the nervous and 
endocrine systems, are intimately 
interrelated functionally The ner 
vous and endocrine systems are m 
tegrative in nature, for they provide 
the organism with sophisticated 
external and internal sensing devices 
which feed infrvrmation into the 
central nervous system lor analysis 
and integration, and in turn orche 
strate the necessary target systems to 
conduct the appropriate responses 
efficiently The nervous system is 
characterized by its ability to respond 
to stimuli with high speed and short 
duratiivn Complicated chains of inter 
connected neurons are necessary lor 
the transmission of transient impulses, 
together with the highly localized 
production of chemicals such as 
adrenaline and acetylcholine which 
are rapidly destroyed. The endocrine 
system uses ciicul.tiingbixiy fluids to 
carry its chemical messengers to 
mote or less specific target organs 
There chemicals take time to buikl up 
ti> an effective concentration, and 
consequentiv must have a longer bio¬ 
logical life than chemicals of the 
nervous system before they arc even 


tually destroyed or excreted Hormo 
ne.s are consequently well suited to 
exer' their effects over extended 
perKxJs of time, and endocrine syst.i,. 
controls long-term processes within 
the body Thus the endocrine system, 
when ctimpared to the nervous 
system, is involved in responses that 
are slower and long lasting Since the 
nervous system is the sole sensing 
arm of this reflex, the endocrine 
organs can be referred to as cfTector 
units of the nervous system, the link 
between the two is therefore the seat 
ol integration Thus, in all metazoa 
the nervous and endocrine systems so 
coordinate the activities of vaiious 
organ and tissue in the body that the 
animals function as individuals 
Why animals have both nervous 
and endocrine sys/ems. each per¬ 
forming a coordinatory role, is a 
matter of considerable interest The 
nervous system makes possible the 
rapid adjustment of internal pro¬ 
cesses to environmental changes 
Impulses arc transmitted and are 
channelized and directed specifically 
towards particular kx:i in the 
organism. As organism evolved, it 
became imperative that the muscular 
system in particular be perfected so 
that quick ciKvrdination is possible. 
The swiftness required in adjustment 
of this is far beyond the power of a 
purely endocrine mechanism Hormo¬ 
nes or similar types of chemical co¬ 
ordinators have to be released by the 
organs that synthesize them and be 
transported by the circulation and 
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transmitted through the tissues before 
reaching their appropriate target 
organs. Many of the hormone mole¬ 
cules are large and complex and it is 
probable that they pass slowly through 
the walls of blood vessels. Thus the 
two systems are functionally interre¬ 
lated, one IS primarily concerned with 
rapid adjustments and the other with 
proces.ses that require duration rather 
than speed. It must not be supposed 
that the nervous system functions 
quite independently of the endocrine 
system. But it is likely that central 
nervous activity in most animals is 
strongly affected by hormones. For 
example, a mature female grass¬ 
hopper will move towards and mate 
with a courting male. An immature 
female avoids, and will even fight 
with male if male persists in courtship 
The hormone compliments of the two 
females cause their central nervous 
system to interpret the same infor¬ 
mation differently and to initiate quite 
opposite reactions. But the reverse is 
also true, i c. hormone produciion 
and release is dejxmdant upon the 
nervous activity Almost all the 
animals hav e to respivnd developmen 
tally to environmental changes 
throughout the year In unfavourable 
conditions they undergo hibernation 
or migration* or overcome them by 
other changes in behaviour or physio 
logy In favourable seasons most of 
the advantage is taken for rapid deve¬ 
lopment and multiplication. Hven 
slight fluctuations, .such as shortage 
of food or the absence of suitable 
mates can have drastic effects upon 
development The colour change in 
many crustaceans is brought about by 
alternations in the shade of their 
immediate environment. Similarly 
the act of mating in a female insect 
can accelerate the development ofher 
egg. The change in day length of a day 
can control the on-set of meta¬ 
morphosis in annelids. All these 
developmental and physiological 
responses result from changes in the 
concentrations of circulating 
hormones caused by nervous 
impulses originating in the stimu- 
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Fig. 1. A typical neurosccrclory .sy.slcm {trom Scharrer, F..h. and Schaiter, B., Neuro- 


(•ncl<H'nnoIi)/;\-. Columhia University Press, New York, 1963) 


lation of particular sense organs. 
Thus the nervous and endocrine 
.systems are siiictly interdependent 
There are very few cndcx:rine 
glands which arc richly innervated by 
the nerve fibres But the anterioi 
pituitory gland which has been long 
known to produce a number of 
hormones and controls the activities 
of other endocrine glands contains 
very few nerve fibres. The question 
then is How the nervous activity 
controls endocrine functions. In 
view of more recent observations, 
opinions about the possible endocrine 
function of nervous tissue have been 
completely reversed. It iS generally 
now accepted that the nervous 


systems do have the ability to pro¬ 
duce hormones It is now proved that 
the central nervous systems of arthro¬ 
pods and vertebrates contain parti¬ 
cular endocrine cells. These cells are 
morphologically similar to neurons, 
with axons, dendrites, nissl bcxlies 
and neurofibril lac. They are also able 
to transmit nervous impulses, but 
they differ from other neurons in two 
impiyrtant respects; their axons do not 
innervate elTector organs such as 
muscles, nor make synaptic conn¬ 
ections with other neurons, and they 
manufacture materia I soften visible in 
stained sections of nervous tissue, 
which arc released from the ends of 
the axons and exert a biological eflcct 
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f ig 2. IJifTtrenl phases nf hormonal feedback lA/Wr Scharrer, 196.1) 


.some distance away. So these cells 
arc the neurons which also produce 
hormones and are con.sequcnlly called 
neurosecretory cells In m;tny ani 
mals, the neurosecretory cells arc 
often clumped into groups which arc 
very conspicuous features of the 
central nervous system observed 
with proper staining prtKcdurcs The 
ends of the neurosecretory cell axons 
are usually swollen and the secretory 
material which is formed in the cell 
body can be stored here Ircfore being 
released The swollen axon terminals 
lie ouLside the ncrs'ous system, usually 
closely asMK’iated with the circulatory 
system which carries the neuro 
secretory hormones around the bixiy 
The axons of these cells run in mote 
or less well defined tracts and often 
terminate in a special end organs 
outsulc the nervous system Since 
these structures ate directly assiK iatcd 
with blood vessels, they are gcncrallv 
termed as "Neurohaemal organs ' 

Neurosecretion 

The distinction between the endo 
enne and nervous systems has dimi 
nished in recent vears The concept ot 
the two systems working together to 
punide the organism with an Integra 
tne network has emerged This has 
Ix'en lavoured b\ the observations 
that the nerve cells synthesi/c, trans- 
fX'U and secicte chemicals, which is 

f ig NcuioeixitxrinrVonirol el inoulliiig 
in insrcls (After Scharrer and Scharrer. 
t%1) 


broadly the definition of neuro¬ 
secretion Nerve cells generally play 
the dual role of conduction of cxcita 
tion and secretion of such neuro 
humoral materials or neurotrans 
miners,e g acetylcholine, adrenaline. 


noradrenaline and 5-hydroxy-trypt- 
aminc which have important roles at 
interncuronal and neuromotor 
junctions. Since our concern is mx 
w'lth this aspect of ncurosecrction, it 
will not be discussed here. Bragrnann. 
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Hanstrom and the Scharrers have 
used another concept of neuro¬ 
secretion which is most commonly 
accepted. This concept refers to a 
nerve cell containing prominent, 
stainable inclusion which appears to 
represent hormonally active secretory 
material, synthesized within the cell 
body, often transmitted via an axon to 
be released from the cell at some 
distance from the site of the synthesis 
and remaining active for longer 
period of time. Neurosecretory ceUs 
arc essentially similar in both inverte¬ 
brates and vertebrates, although, it is 
possible that the invertebrate cells 
may lack dendrites and it is not yet 
definitely proved that they can 
transmit nervous impulses. The 
material released from the neuro¬ 
secretory cells IS largely protein and 
reacts histologically and histochemi- 
cally in much the same way whether it 
IS produced by invertebrate or verte¬ 
brate neurosecretory cells. The 
electron microscope has provided us 
an ultrastructure of the neurosecretory 
cells. The basic neurosecretory 
product, the elementary neuro¬ 
secretory granules, appear to vary in 
electron density, arc membrane 
bounded, average between 1,000 A 
and 3,000 A in diameter and have 
their origin jn the golgi apparatus of 
the neurosecretory cells. Knowles 
suggested two categories of neuro- 
sccretion, common in both verte¬ 
brates and invertebrates, which 
appear. at the ultrastructural level; 
Type A with granules greater than 
1,000 A in diameter and peptide in 
nature and Tvpe B with granules less 
than 1.000 A in diameter and with a 
nonpeptide or possibly an amine 
secretion. Type A is represented by 
the more commonly reported cate¬ 
gory of neurosccretion (Fig. 1.) 

Some neurosecretory cells produce 
electron-transparent vesicles both in 
invertebrates and vertebrates. The 
dense spheres originate in go'gi 
apparatus of the cell bodies in a 
manner similar to protein droplet 
formation in other endiKrine and 
ordinary gland cells. In vertebrates 


the protein material synthesized by 
neurosecretory cells is called neuro- 
physine which is the actual carrier of 
hormones. This is true of all verte¬ 
brate neurosecretory cells, but 
whenever the same applies to all 
invertebrate cells neurosecretion is 
problematical. 

The endocrine organs are divided ’ 
into two categories : those which are 
derived from embryonic ectoderm, 
mesoderm and endoderm layers, are 
called epithelial endocrine glands, 
and those which are derived from ner¬ 
vous tissue. Except the adrenal 
medulla and posterior pituitary all the 
endocrine glands and tissues of typi¬ 
cal vertebrate are included in the first 
category. The adrenal medulla and 
posterior pituitary which developed 
from a transformed synaptic ganglion 
and of the brain respectively are 
therefore included in second category. 
But now It is confirmed after investi¬ 
gation that posterior pituitary is a 
ncurohaemal organ as groups of 
neurosecretory cells arc found in 
hypothalamus of the brain. Thus the 
posterior pituitory is quite a difierent 
endocrine organ from the adrenal 
medulla. In some vertebrates a 
second major neurosecretory system 
is situated at the posterior end of the 
spinal cord which is termed as caudal 
neurosecretory system. The 
functional significance of the caudal 
neurosecretory system remains 
obscure, but there are suggestions that 
its secretion may be involved in 
sodium exchange and gas metabolism 

In the vertebrate animals, epithelial 
organs developed from transformed 
nerve ganglia and neurosecretory 
cells often with well formed neuro- 
haemal organ are all present. Even in 
complex animals like the arthropixls, 
the number of epithelial endocrine 
glands is much less than in the verte 
brates. and in most other invertebrate 
groups they are absent altogether So 
the endocrine mechanisms in the 
invertebrates are usually simplcrthan 
the vertebrates. Because of the small 
number of epithelial endocrine glands 
in invertebrates, neurosecretory 


mechanisms assume great importance. 
However, many problems are associ¬ 
ated with the determination of the 
function of neurosecretory system. 

The class'cal endocrinological 
experiments to determine the 
functional aspects of neurosecretory 
system involves the removal of a 
suspected endocrine gland followed 
by its subsequent reimplantation at a 
different site in the body. If the 
consequences of removal are reversed 
and brough* back to normal on re¬ 
implantation. then it is established 
that a hormonal mechanism is in¬ 
volved. But when a ncurohaemal 
organ is removed, the cut ends of the 
neurosecretory axons may still release 
a hormone, sometimes in an uncon¬ 
trolled manner. There is a possibility 
of regeneration of a new ncurohaemal 
organ, so that the effects of deficiency 
of neurosecretory hormones may 
not be severe When neurosecretory 
cells which supply neurohaemal 
organ are destroyed, the stored 
hormones within the organ may be 
released for some time after the 
operation. In some animals, a well 
defined ncurohaemal organ may be 
absent, but the neurosecretory cells 
are present throughout the central 
nervous system. Some neurosecretory 
hormones are not released into the 
circulatory system, but are trans¬ 
ported axonally directly to their 
target organs. It is rather dilTicult to 
determine the exact function of such 
neurosecretory mechanism because 
of the difficulty of extracting and test¬ 
ing biological materials from 
individual cells. 

Neuroendocrine integration 

The meaning of the term "Neuro- 
endoenne integration” can be best 
explained by the following hypothe¬ 
tical situation. Suppo.se the endocrine 
organ 'A' after stimulation releases a 
hormone a. then its increasing titer in 
the blotxl stimulates endocrine organ 
'B' which prixlucos and releases 
hormone fi As hormone continues to 
stimulate organ ‘B’, the increasing 
blood concentration of hormone 
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i'i|;. 4. An expansion of the reflex arc showing; six possible means of activating a motor unit following the receipt of a stimulus by a sensory 
organ (/(//cr f-r\e. I9b7) 


begins to exert an inhibiting elTect on 
organ ‘A’. Organ ‘A’ reduces its 
output and naturally stops tt> release 
hormone « Thus hormone /i not only 
serves its particular function but also 
regulates iLs tiwn prtKluction by its 
inhibitory effect on again ‘A' (Fig. 2). 

Here the environmental condition 
ma\ alTect in such a way that either 
organ A' should continue to stimu 
lateoigan B'irrespectiveoflhebUxid 
titet ol hormone /i or should stop 
leleasing its hormone althiuigh organ 
'B' ma\ have hardiv begun to respond 
to stimulus ol a In ordet to ticcitm 
plish such an adiustment. the Iced 
back cycle ts necessary This pennt 
can w ell be illustrated by the control ol 
ovarian function in mammals The 
mechiinism for release ol gonado 
trophms was originally conceived as 
a simple Iccdback ot gonatlal steroids 
to the pituitary But. it this was the 


only dctcrminingtactor.then external 
and internal conditions such as photo- 
periods, availability of food, .social 
contact, etc could not affect the 
reproductive cycle There must be 
channels through which these modi¬ 
fying innuences enter the control 
system and become integrated with 
the ovarian feedback mechanism 
This integration can take place only 
in the central nervous system So the 
ability of an organism to receive 
env ironmental signals, to respond to 
those which are important, to dis¬ 
regard the irrelevant and less imjxir- 
tant lines, and to retain normalcy 
throughout the bixly is due to inte¬ 
grative action of the central nervous 
system This essentially involves 
three interrelated units . afferent 
pathways, integrative centres and 
efferent pathways 

/ -Wi’ rent pathway',. Afferent 


pathways arc known to play a very 
important role in control of endocrine 
functions The receptor cells in the 
body are the prime movers in any 
reflex arc. They send their signals by 
way of af ferent axons into a particular 
ganglion. This sense of reception can 
originate in special sense organs like 
photoreceptors, chemoreceptors and 
acoustic apparatus or also from 
touch, pain and temperature receptors. 
Retinal fibers of the eye. for example, 
carry impulses resulting from the 
increase ol total illumination in spring, 
which in birds stimulates gonadal 
growth. Another important source of 
stimuli for the release of hormones 
civntrolling reprixluctive function lies 
in the olfactory apparatus. Stimuli 
may al.so result from changes m the 
internal environment, i e.. pH. 
osmolarity, chemical composition of 
bliKid or from hormonal feedback. In 
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insects also, a considerable infor¬ 
mation has been obtained regarding 
the control of endocrine function by 
afferent nervous pathways. For 
example, in nymphs of the blood 
sucking hemipteran Rhodnius sp., 
initiation of the moult cycle depends 
upon nervous stimulation having its 
origin in stretch receptors in abdomen. 
After a meal of blood in a sufficiently 
large quantity, the receptors arc acti¬ 
vated and through the ventral nerve 
cord stimulate the neurosecretory 
cells of the brain to produce their 
appropriate secretions. In certain 
species of cockroaches tactile stimuli 
resulting from mating and proprio- 
receptive impulses caused by pre- 
gancy reach the brain by way of the 
ventral nerve cord (Fig. 3). 

2. Integrative centres. By way 
of neural and vascular routes nervous 
and chemical afferent stimuli con¬ 
verge on the central nervous system, 
which in turn transmits excitatory or 
inhibitory signals to the target organs. 
For example, afferent nervous, 
hormonal and direct stimuli, converge 
on the nerve centers which issue elTer- 
ent messages concerned with the 
respiration, hunger, thirst, tempera 
ture control and many other basic- 
functions. With the changes in CO, 
content, glucose concentration or 
temperaturaof the blood, the neurons 
get directly stimulated. Nervous 
impulses originating from the peri 
pheral receptors have access to these 
centres via synapsing neurons. The 
sum total of the information received 
results in decision to increase or 
decrease respiratory rate, to sweat or 
to shiver, to store or to mobilize 
glycogen. The portion of the ner¬ 
vous system which receives such 
impul.ses and translates them into 
effective nervous or hormonal output 
signals has been called final 
common pathway The neurosecre¬ 
tory cells constitute the link between 
central nervous system and organs of 
internal secretion. Their dual charac 
ter as nerve and gland cells enables 
them to receive nervous impulses 
from other neurons and stimulate or 


inhibit the organs of internal secretion 
by dispatching chemical messages. 

3. Efferent pathways. Neurohor¬ 
mones may act either directly on the 
target organ or they may first act on 
endocrine tissue which in turn 
influences the target organ. Frye 
has given six pathways to show 
possible relationships between neural 
hormonal components (Fig. 4). 

First order of neuroendocrine 
reflex 

Here the neurosecretory cells exert 
direct control over target organs. In 
hibition of gonadal maturation in 
annelids and crustaceans and stimu¬ 
lating smooth musculature or promo¬ 
ting water conservation by the kidney 
in vertebrates are the examples of 
first order of neuroendocrine systems 
The agents are released from neuro- 
hacmal organ into general circulation, 
proportionately in large quantities to 
maintain effective concentration The 
possibility also exists that the .stimuli 
may act directly on neurosecretory 
cells within the central nervous 
system, which would make scheme C 
more like scheme A (Fig. 4). 

Second order of neuroendocrine 
reflex 

The incorporation of one non¬ 
neuronal endocrine organ between 
the neurosecretory cells of the central 
nervous system and the final target 
organ represents this second order 
reflex. For cxamaple, in case ol 
Rhodnius sp . as described previously, 
the neurohormones influencing the 
prothoracic glands and corporal lata 
to subsequent release of eedysone 
and juvenile hormones respectively 
illustrate the second order of neuro 
endocrine reflex. This additional non¬ 
neuronal structure generally is m 
close association with the neuro¬ 
secretory cells or processes of such 
cells. Such incorporation ol non 
neuronal structure facilitates eflicient 
transfer of information which might 
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fig. 5. Possible neuroendocrine interactions 
to include the First, Second and Third order 
systems 

not be the case if the active compo¬ 
nents entered the vascular system 
directly. 

Third order of neuroendocrine 
reflex 

The incorporation of two non- 
neuronal endocrine organs between 
the neurosecretory cells of the central 
nervous system and the final target 
organ illustrates this third order reflex 
(scheme F in Fig. 4). For example, 
the role ol the anterior pituitary in the 
case of adrenal cortical stimulation. 
The corticotropin releasing factor 
(CRF) produced by the hypotha¬ 
lamic neurosecretory cells does not 
enter the general circulation to act 
directly on the adrenal cortex. It is 
earned by hypotlialamic portal 
vessels to the adenohypophysi."- 
wherc it stimulates the release ol 
adrenocorticotropic hormone 

(ACTH) The ACTH reaches the 
adrenal cortex causing it to build uf 
Its secretary apparatus and tv) release 
corticoids (second order of neuro 
endocrine reflex). Nor is this the limi 
of such sequences but m the thire 
(Continued on page 490 
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THERMONUCLEAR 

power; 

AN ANSWER TO 
ENERGY CRISIS 

A.V. NARASIMHAM 

The main problems in practical application of fusion power 
lie in the containment of the extremely hot plasma and 
maintenance of its very high temperature 


E ven though considerable in¬ 
terest is shown in the use of 
iranium and thorium as nuclear 
ucis, they cannot present a real 
.olution to the energy problem, as the 
otal amount of energy available from 
hese fuels may not be more than that 
ivailable from coal. An alternative 
orm of energy may be thermonuclear 
x)wer which can be obtained from 
luclear fusion reactions, which are 
tlso known as thermonuclear reac 
ions The origin of these reactions 
vas first traced by a group of astro- 
ihysicists in the interstellar space, 
•specially in the interior of the sun. 
These interstellar reactions are essen- 
lally fusion reactions, i.e., two 
riements (generally light) fuse to- 
;ether to form a heavier element, 
during this process a small amount of 
nass (dm) is converted into energy 
dE) in accordance with Einstein’s 
elation (dE) == (dm)r’. This means 
hat mass and energy are inlcrconver- 
iblc The principle of conservation of 
•nergy has now become the principle 
conservatu>n of mass and energy 
rut together However small dm may 
re. cnoirnous amounts of energy arc 
eleased, due to the large vaIue of c* ~ 
') " 1 (E'’C(jS units, where c is the 
l elocity of light Eusion is opposed to 
hssion, where a heavy clement like 
hranium is broken up into two 
bicces by the absorption of slow 
hciitrons Energy released by fisson 
broccss also is given by the aforesaid 


Einstein’s relation. However, the 
percentage of conversion of mass 
into energy is much higher in fusion 
process than in fission process. 
Most of the present day nuclear 
energy programs—heavy water reac¬ 
tors, enriched uranium reactors, 
breeder reactors, etc. - involve 
fission process. The atom bomb is a 
fission bomb. The hydrogen bomb is 
a fusion bomb. This is an uncontrol¬ 
led thermonuclear device, leading to 
an explosion, i e., it works like a 
bomb and the energy output of the 
fusion reactions cannot be controlled, 
while, on the other hand, the energy 
output in a fcssion reactor can be 
controlled. The essential problem of 
thermonuclear re.search is therefore 
to control the energy released by 
fusion reactions so that a nuclear 
fusion reactor can be built for peace¬ 
ful uses. 

Why is It that nuclear fusion reac¬ 
tions involve essentially light ele¬ 
ments In principle, two heavy 
elements also can be fused if proper 
conditions are available. However, 
the fusion of two heavy elements (to 
form a* new' element) is much more 
difficult than the fusion of two light 
elements as the Coulomb repulsive 
force between protons of two li^t 
elements is much less than that of two 
heavy elements. This is essentially 
the rca-son why fusion of two heavy 
elements is almost an impossibility. 
Fusion of even two light elements like 


hydrogen or deuterium requires 
unimaginable temperatures like those 
that exist in the interior of the sun, 
about 10* degrees Kelvin. At these 
temperatures the pressure of the reac¬ 
ting gases is about 5 X 10^ atmos¬ 
pheres. Such temperatures and 
pressures are achieved in the hy¬ 
drogen bomb. Large amounts of 
thermonuclear fuels, namely, hydro¬ 
gen, deuterium, etc., are available in 
nature. Natural hydrogen contains 
0.0156% of deutcium and 1 in 10'^ 
of tritium in atmosphere, in oceans, 
etc. However, nuclear fission reac¬ 
tors, which operate at ordinary tem¬ 
peratures and which do not pose 
problems of control, have become the 
only source of present day nuclear 
energy for peaceful purposes, even 
though there are many difficulties 
involved in the operation of these 
reactors. The nuclear wastes and 
various byproducts of these fission 
reactors pose great problems of 
health hazards. Preparation of 
nuclear fuels, enrichment of natural 
uranium, preparation of heavy water 
are all very expensive and laborious 
processes, while the fission reactor 
itself is made very heavy due to the 
presence of a large amount of 
moderator. So, if the control of a 
nuclear fusion reactor can be achiev¬ 
ed, generation of energy by nuclear 
fusion will be more economic and 
attractive, in view of the high degree 
of availability of the fuels, i.e., 
hydrogen and deuterium. Moreover 
fusion reactor does not pose problems 
of radiation hazards, as the end 
product is usually stable helium(4). 
There may be some possibility of 
direct conversion of fusion energy 
into electrical energy as very high 
electrical currents are generated in 
the fusion plasma. Some important 
fusion reactions are given below ; 
,H2 -F ,H2 -* |H3 + ,H' + 4 MeV 
,H’-*2He''4-on‘ +17.6 MeV 
,H-+,H2 -,HeHon'+3.25 MeV 
,H= +jHe-'- 2He'‘+ ,H‘ 

+ 18.3 MeV 
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3 Li®+ ,H2 - 22He* + 22.4 MeV 
,H^+,H^- 2 He'‘+ 2 on‘ + Q 

+ ,H' - jHe'* + +,eO 
+ 18.8 McV 

4- on' - ,H3 + ,H' + 0.74MeV 

So large amounts of deuterium, which 
is abundantly available in oceans, is 
converted into stable helium(4), while 
helium!3) and tritium arc formed 
during the process of fusion. The 
power output of a fusion reactor may 
be about 50 times more than that of a 
fission reactor. Calculations show 
that the oceans of the world can yield 
about 2 63 X 10"^ tons of deuterium. 
Gasoline, one of the best chemical 
fuels, provides about 6 kWh of energy/ 
pound, while deuterium provides 
about 4X10^ kWh of energy/pound. 

It is believed that the sun which 
emits energy at a rate of about 
3.8 X lO^^ergs/.second candosoeven 
- for billions of years, and is a favourable 
place for thermonuclear reactions. This 
calculation is based upon the surface 
temperature of the sun, which is about 
5760 K. No other reactions can 
explain the release of enormous 
amounts of energy from the sun. There 
IS a constant conversion of hydrogen 
into helium due to the.se reactions. 
Hans Bethe and Weizsacker suggested 
in 1938 a series of reactions, known as 
Carbon Cycle, to account for the 
thermonuclear reactions in the sun, 
which can be stated as follows : 

f,C' ^ , H' — '' + radiation 

^N'-’ — ^C'-' + , le" + energy 
ftC*^ + |H' -I- radiation 

7 N''* + ,H' — 4 radiation 

* jc" 4- energy 

7 N'-' + ,H' - ftC'2 + jHe'* (Stable) 

So, there is a continuous conversion of 
hydrogen in the sun into helium (4) 
with the emission of positrons and 
enormous amount of energy, including 
radiant energy, while carbon serves as 
a catalyst. It is believed that in every 
second 564 X 10'’ tons of hydrogn in 
the sun is converted into 560 X 10'’ 
tons of helium(4). The difference of 4 
million tons of hydrogen is comple¬ 


tely converted into energy in accor¬ 
dance with Einstein’s relation. An 
alternative mechanism for the thermo¬ 
nuclear reactions that go on in the 
interior of the sun is suggested as 
follows : 

,H' + ,H‘ - ,H^ + ,e0 
4 0.42 McV 

,H' -2He'4-5.5MeV 
,He'4- jHe'- 4He^ 4 2,H' 

+ 12.8 MeV 

^He’ + jHc^' ^ 4 Bc^ 4 1.58 MeV 
4 Be^ 4 |e" (K-electron capture) — 
,Li’ + 0.87 MeV 
jLi^ 4- ,H' - 2jHe‘' 4- 17.3 MeV 

So, an enormous amount of hydrogen 
IS converted into stable helium(4) with 
the emission of large amounts of 
energy. The overall reaction can be 
represented as 4,H'— iHc’' 4-2 , je" 

4 26.7 MeV. About 2 MeV of energy 
IS released for each electron-positron • 
annihilation. 

Thermonuclear fuel 

In the above examples, arc various 
ftjsion reactions which give enormous 
amounts of energy. However, an 
important property of a nuclear 
reaction is its probability (or cross- 
section), in addition to energy output. 
A single reaction may give a large 
energy output. But, if its probability 
is very small, then the total output (or 
yield) from the reacting gases will be 
very low. So, from the point of view of 
power output, a few fusion reactions 
must be chosen and examined care¬ 
fully, and then selected striking a 
balance between their probability and 
energy output. Such studies form an 
important aspect of thermonuclear 
research. According to these investi¬ 
gations, it appears that deuterium, 
tritium and lithium are the best 
choices for thermonuclear fuels. The 
so-called Deuterium-Tritium reac¬ 
tion (an equimolar mixture of 
deuterium and tritium) has the high¬ 
est cross-section among all known 
fusion reactions. This can be written 
as ,H3 4-,H^ - jne-’ + oi' 
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Fig. I. Production and loss of energy in a 
thermonuclear reaction—deuterium gas 10*’ 
nuclei/cm' 

4- 17.6 McV. The reactions between 
two Deuterons (d-d reactions) and 
between two Tritons (t-t reactions) 
are also studied and it is found that 
their reaction cross-sections are about 
100 times lower in the former case 
and much less in the latter case. In 
short, it appears wise to use tritium 
for a thermonuclear bomb, the tech¬ 
nological success of which has 
already been established, rather than 
a thermonuclear reactor the tech¬ 
nological success of which has not yet 
been established. Neutrons can be 
more economically used for the pro¬ 
duction of plutonium 

an important fuel for atom 

bombs as well as fission reactors, 
rather than for the production of 
tritium. The technological feasibi¬ 
lity of a fission reactor has already 
been established, while it is not the 
case with a fusion reactor. Lithium, in 
spite of its fairly good abundance, 
seems more suitable for a fusion 
bomb rather than for a fusion reactor. 
The following reactions take place in 
a fusion (hydrogen) bomb : The 
formatioiuof triton 
7Li'’4-on' -2He‘'4-,H’ 

4 4.77 Mev; 

,HH ,H2 -* 2He^4-(,n' 4 17.6 MeV 
requires a high neutron flux. So, a 
high initial flux of neutrons is required 
to make these reactions self-sustain¬ 
ing or to build a chain reaction. In the 
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case of a thermonuclear bomb, which 
lasts only for a short duration, such a 
high initial neutron flux is built by 
triggering a plutonium bomb before 
the explosion of the hydrogen bomb. 
But, in the case of fusion reactor, 
which la.sts for a long time, a conti 
nuous high neutron flux is required 
and there is no question of triggering a 
plutonium bomb, as this would 
destroy the whole installation. So the 
above reactions cannot build a self- 
sustaining chain reaction The proba¬ 
bility lor the two reactions to take 
place simultaneously is very small. 
The above two reactions, which exist 
only for a short duration, are there- 
lore more suitable for triggering 
off a hydrogen bomb rather than a 
fusion reactoi So, lithium also is 
ruled out as a fuel lor thermonuclear 
power. It appears that fusion of 
deuterium and deuterium (d-d reac 
lion) is the best reaction for thermo 
nuclear power taking into account both 
economics and nuclear physics, and 
availability of fuel Deuterium is 
abundantly available in nature The 
del reactions can take place as 
lollows 


v 

,I ,H- t ,H- - |ID f ,}!'+ 4.0.1 MeV 
- .He' I „n' I .1.27 MeV 
^ 1 ,H’ - ,He' t ,H' + „n' 

!, ^ 21 (i MeV 

The ratio of the ncutron-to proton 
■) reactions is about 0 94 An average 
value of ab<Hil 1.5 MeV is released 
^ I'rom each leaction Any tniium that 
g IS produced in these reactions can 
combine with deuterium to give 
j helium (4) as already mentioned 
al-KHC It can be seen that the above 
thermonuclear reactions are a source 
of neutrons too A thermonuclear 
» leactoi can iherelore be used not onlv 
^ lor the production of power, but also 
j lor production ol Pu’"' or I)-” by 
. surrounding the tusion reactor with a 
• blanket ol natural uranium (218) or 
j thorium (212) In tact, it ma\ prove 
^ more pioniable to use a thermo 
^ nuclear reactoi solely for the pro 
^duction of plutonium rathei than 
_ attcmpling to get electric piwcr 




Thermonuclear power 

Certain very difficult and restrictive 
conditions must be satisfied in order 
to obtain controlled thermonuclear 
power from a fusion reactor:( 1) Fusion 
must take place as rapidly as possible; 
(2) There must be some way of start¬ 
ing the nuclear fusion chain reaction 
and this cannot be by triggering a 
plutonium bomb; (3) The energy out¬ 
put must be more than the energy 
input. In fact, some thermonuclear 
reactors have been built, but the 
energy input is much more than the 
output; and (4) energy losses must be 
reduced to a minimum. At such a high 
temperature as 10*' degrees Kelvin, 
which is required for fusion to take 
place, the atoms are completely strip¬ 
ped of their electrons and act only as 
assembly of nuclei and electrons, i.e., 
a plasma of positive and negative ions 
with great velocities, which is often 
called the fourth state of matter exists. 
The containment of this plasma and 
maintenacc of its very high tempera¬ 
ture arc the two important aspects of 
thermonuclear power generation. At 
high temperatures the ions having 
tremendous velocities generate 
currents of the order of millions of 
amperes These high currents 
generate very strong magnetic fields 
which raise the temperature of the 
reacting gases and which encircle 
the ion paths. The field exerts 
an inward force on the ions and 
constricts or confines them to very 
narrow regions and works as a 
"magnetic bottle". This bottle is not 
made up of any material substance 
The interaction of magnetic lines of 
force with the charged particles 
confines the plasma to very narrow 
regions This is known as self-confine¬ 
ment of plasma or the "Pinch Effect". 
No material container can contain the 
plasma, because all materials vapour¬ 
ise at the necessary high temperatures 
This bottle is therefore also known as 
container of no material’ The self¬ 
confinement of the plasma or the 
constiiction of the plasma to very 
narrow regions raises the local 
temperature, resulting in consequent 
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Fig. 2. Possible thermonuclear reactor 

heating of the plasma. The tempera¬ 
ture of the gases goes on increasing 
until fusion of the nuclei takes place. 
Complete ionisation of the gases at 
low temperatures and pressures is 
expected to give better results. The 
pinch effect therefore serves not only 
to confine plasma, but also to heat it 
to the desired temperatures. 

An important aspect of the working 
of a thermonuclear reactor is the loss 
of energy by radiation. This loss 
varies as the fourth peiwer of absolute 
temperature, according to Stephan- 
Boltzman’s law. It is estimated that 
this loss may be about 10’' watts/cm’. 
Such a terrible loss of energy due to 
radiation is undesirable, as there may 
not be energy output from the system. 
There is also appreciable loss of 
energy due to a phenomenon called 
“bremsstrahlung”, which is the loss 
of energy due to acceleration of the 
charged particles. A charged particle 
lexises energy by radiation, when it is 
accelerated. The positive and nega¬ 
tive ions are accelerated due to the 
electric field created by the other ions 
and electrons. However, it was soon 
found that there is no thermal equili¬ 
brium and that this radiant energy is 
not really lost, but is reabsorbed by 
the plasma, raising the temperature. 
Thus confinement of the plasma and 
nse of the temperature are provided 
by the magnetic field of the plasma 
Itself. Bremsstrahlung losses actually 
become significant at temperatures 
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Pig. 3. Development of kink instability 


more than 10''degrees Kelvin. At the 
fusion temperatures, this loss may not 
be appreciable. 

Impurities play an important role 
in the working of the fusion reactor. 
They are a source of great energy 
loss, which IS proportional to the 
square of atomic number and also to 
the square of the density of the electro¬ 
nic cloud. Care must be taken that 
impurities of high atomic number do 
noi enter the system. For this reason, 
the vacuum must be of a very high 
order, of the order eif 10 '^mm of Hg. 
There should not be any leakage of 
impurities from outside into the 
system Even an impurity level of 1 in 
10'’ causes a tremendous loss of 
erieigy ,At loom temperature, before 
the fusion reactor starts woiking. the 
picssurc of the reacting gases must be 
very low to achieve control of the 
fusion reactor As the reactor starts 
working, the temperature and pressure 
will be multiplied. The density of the 
nuclei at these temperatures of the 
order of 10" degrees K is only about 
lO' Vcm ’. The pressure of the react¬ 
ing gases IS about 5 X 10'’ atmos¬ 
phere. The ions have great velocities 
under these condiUons and they 
generate currents of very high magni¬ 
tude The plasma must be confined by 
some kind of magnetic field which 
may be its own field Operation of a 
thermonuclear reactor at tempera¬ 
tures greater than 10*' degrees K 
provides sufficient energy output if 
there are no los.ses other than bremss- 
tiahlung Fig 1 gives the variation 
of energy loss by brcmsstrahlung and 
energy pnxluction by thermonuclear 
reactions with absolute temperature 
in the case of deuterium gas. It may 
be seen from the figure that, while 


brcmsstrahlung loss increases with 
temperature, it is comparatively less 
than energy produced due to fusion at 
higher temperatures and more than 
that produced at lower temperatures. 
At about 10’ degrees K, both are 
nearly equal. Similarly, in the case of 
Deuterium-Tritium fusion reactions, 
the power generated increases much 
more rapidly than the power radiated 
above 7X10^ degrees K. Below 
about 7X10^ degrees K, the power 
radiated is much more than the 
power generated. At such high 
temperatures the ions have high 
velocities and they must be confined 
by a longitudinal magnetic field (the 
so-called magnetic bottle). The ions 
will then spiral out, moving slowly in 
the direction of the field, and so 
cannot escape. The loss of ions can 
therefore be minimised. A possible 
thermonuclear reactor can be like the 
one shown in Fig. 2. 

While thermonuclear power seems 
to be very profitable and attractive, 
confinement of plasma and attain¬ 
ment of high temperatures are very 
difficult experimental hurdles. The 
stability of the plasma is a serious 
problem as plasma oscillations set in. 
Even though pinch effect provides a 
way for self confinement of plasma, it 
was soon found out that there are 
many instabilities in the pinch. Elimi¬ 
nation of impuriues is a serious 
problem. The whole reaction may be 
quenched if the plasma strikes any 
cool wall or any other material. 

Pinch instahlity. It was found that 
pinch effect is not a stable pheno¬ 
menon. As the lines of force always 
remain in a place perpendiculai to the 
direction of current flow, a small kink 
developed in the discharge column 
would cause the magnetic lines of 
force to crowd more closely on the 
concave side of the kmk and spread 
apart on the convex .side The pheno¬ 
menon IS shown schematically in Fig. 
3. Fig. 3 (a) shows the linear pinch, 
confined to the centre of the tube, 
oefore the onset of instability, en¬ 
circled by magnetic force lines; Fig. 
3(b) shows pinch instability. A small 



Fig. 4. Sausage or constriction inatabilily 

kink develops in the plasma column. 
Further development of the kink is 
shown in Fig. 3(c) This bunching 
the magnetic force lines would create 
a net magnetic force on the concave 
side of kink and would cause the 
deviation to grow in magnitude. 
Within a few microseconds, the dis¬ 
charge would be thrown against the 
container and be cooled instantly, 
while the container vapourises and 
the plasma is polluted. Stabilisation 
of the pinch was a serious problem, 
which attracted the attention of many 
workers, including some Russians in 
the field. Shock or a sudden heating of 
the pinch was tried by applying very 
high voltage gradients for generating 
millions of amperes of current in an 
attempt to raise the temperature to 
thermonuclear temperatures before 
pinch instability sets in. Some neu¬ 
trons were detected during this 
process and gave hopes of the comm¬ 
encement of fusion reactions. But 
they were soon proved to be “false 
neutrons”, that they were not of 
thermonuclear origin. They were 
found to be the result of another type 
of instability known as “Sausage 
Instability” (Fig. 4). The region of 
Sausage instability has much smaller 
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simple torus 


I It' 5 

diamelfis than the othci portions of 
the plasma column Very high voltage 
giailients esisl in this region and 
particles acquire very high axial 
velocities due to the very high cii cular 
magnetic force lines The 'hotter' 
particles collide with the 'cooler' 
particles, with the release of' false 
neutrons, even in the absence of 
fusion Magnetic lines of force crowd 
in the region of Sausage instability 
)ust as they do m the case of kink 
instability Various other methods of 
stabilising the pinch have been tried 
and arc still under investigation So 
stabilising the pinch and raising its 
temperature have become major pro¬ 
blems of thennonucicar research, pro 
viding greater information about the 
bc’haviour o( ionised gases, measure¬ 
ment of high temperatures and vaiious 
asjK'cts ol plasma phvsics and diagno 
sties 

/'/ic siclhiruior I his themionu 
clear machine has been developed bv 
Spil/ei of Princeton University 
(USA) while wcirking on the pro¬ 
duction and control v'f high tempera 
turc plasmas It was dev eloped from a 
Torus shaped tube, which was found 
inadeqii.itc to contain high tempera 
ture plasma The homogeneous 
nature o( the magnetic field produced 
111 a simple torus leads to iiistabihtv of 
the pl.isma and the discharge may hit 
the walls. It the simple torus is bent 
into the form . it is found that the 
mutabilities ol the discharge aie 
lemoved to a great extent Current 
coils are wound around the tube and a 
magnetic field is produced along the 
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axis of the tube. This field together 
with the field generated by the plasma 
itself constricts the plasma to a 
narrow region in the tube. Fig. 5 
shows the torus and Stellarator, in 
principle An improved form of the 
Stellarator which could generate 
temperature of S2 degrees K. 

could be built at a cost of 2 10^ to 

give 5 10'* watts of electrical 

energy However, doubts were later 
on expressed about stability of the 
pinch even in the Stellarati>r 

Hu'nwfineiicnurrdr This is another 
thermonuclear machine. It contains a 
straight tube unlike the Stellarator or 
torus The fusion fuel is injected into 
the centre of the tube and heated upto 
reaction temperatures. If the plasma 
does not strike the walls or escape 
from the sides, we have a practical 
fusion reactor. This idea was first 
conceived by H F York of the 
University of California USA and 
received the support of other 
scientists. York was not satisfied with 
Stellarator. A specific magnetic field 
configuration in the magnetic mirror 
machine keeps the plasma trapped 
inside the tube, without touching the 
walls and the ions are reflected back 
towards the centre when they reach 
the ends of the tube It is therefore 
called a "magnetic mirror or 
reflector" Fig 6(a) and (b) gives the 
principles of the magnetic mirror 
Very high fields generated by the 
mirror producing cmls at the ends of 
the tube act as reflectors for charged 
particles Injection of fuel into the 
cyhndei under proper conditions was 
the mvist diflicult problem It must 
fiave a specilic dcnsiiv Heating it to 
fusion temperatures, confining it to 
the central I'K'irtioTi the lube, pre 
vention of instabilities arc all major 
problems 

Various other thermimucleat 
mjchiiu"> have been tried in .in effort 
to harness fusion power e.g . various 
versions ol the Stellarator and 
magnetic minor, the caluiion. Oak 
Ridge IX'.X machine. Kolb machine, 
etc In the Kolb machine a current of 
about 15' 10 amperes IS expected 
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Fig h. Magnetic mirrnr machine 

to be discharged m about l.'i micro 
seconds, generating magnetic fields 
of about 5 ^ 10 ' gauss The Scylla 
devices were some modifications of 
the magnetic mirror. On the whole, it 
was felt that the magnetic mirri>r is 
better than Stellarator 
The search lor thermonuclear 
power cimtinues In 18 tempera¬ 
tures of about lO'’ degrees K were 
obtained in the laboratorv One year 
lalci. 20 ■ 10'’ degrees K was 
obtained A successful fusion reactor 
may not be verv tar away Current 
thcrmonuclcai research is going on 
mostly in USA. USSR and to a small 
extent in I.IK 

Further reading 

1 Stephenson, Richard,/////-or/;/,- 
iion Id .\'uc/cur Fni;inccring 
McGraw Hill (London. New 
York) 

2 Simon, A., An huroductidn to 
Thermonuclear Research, Per- 
gammon Press. 195^. London. 

3 Taylor.E O., Siuiear Reactors 
for Power Generation, John 
Wilev and Sons 

4. Hahn, Otto, Fusion Power, 
Scientific .American. Vol 197, 
No 6. December 1957. 

5 Post. R.F'., Renews of Modern 
Physics, Vol 28. No.3. July 
1957, Controlled i-'usion 
Research. 

6 Curry. D. and Newman. B.R., 
The Challenge of Fusion, D 
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AMMONIA— 

A NUTRIENT AND 
TOXICANT 

NARENDRA PRASAD DAS ASIT BARAN DAS 

Notwithstanding its constant production as an inter¬ 
mediate of nitrogen metabolism in cell, ammonia is a severe 
toxicant even in moderate concentration for any organism. 
Enigmatically, however, the chief inorganic form of nitro¬ 
genous nutrient for many forms of life is ammonia 


A mmonia is a . common 
metabolic intermediate in all 
organisms and a nch constituent of 
the natural environment. But it is 
acutely toxic, even in moderate 
concentrations, to all forms of life. It 
is for this reason that ammonia is 
often regarded as a physiological 
“waste” of nitrogen metabolism. But 
no waste is strictly speaking a total 
waste. Many of the industrial efflu¬ 
ents, which otherwise are looked 
upon as pollutants of water, soil and 
air, may be recovered and reutilised 
as highly useful products. Similarly, 
while stime metabolic byproducts of 
our body are excreted, some others 
may be recycled as essential meta¬ 
bolic intermediates. In general, the 
‘ excess of a metabolic waste product 
is eliminated from a living system 
I when it poses a toxic threat at specific 
concentrations and when it cannot be 
' detoxified and utilized properly by 
‘ the system. Thus substances ex- 
^ creted at a particular concentration 
' and time may prove to be utilisable 
I at another concentration at a diffe- 
' rent time. Ammonia serves as an 
' example of an organ! smal as well as 
’ an industrial waste, which may prove 
j to be quite u.selul and utilisable in 
certain physiological and environ 
' mental situalioir. 

;i .Sources of ammonia in the 
environment (see I- ig. 1) 

1 Ammonia was presumably present 
( in abundance in the primeval atmos- 
t pherc of oui planet. Its present en- 
I \ ironmeni is al.so rich m ammonia 
i derived from multiple sources. 

A minor amount of atmospheric 
) nitrogen can be fixed non biological 
> i> tluough electrical discharges, 
1 when oxides ol nitrogen formed are 
•( carried to the earth by rams Biologi 
} cal fixatiott ol nmlcculai nitrogen 
Irom atmospheric air is caused by 
1 many soil organisms These are aero 
1 bic bacteria (Azotobocit'r sp . 
1 Pseudomonas sp and Bacillus 
iHilymvxa) and streptomycetes, 
1 — 


anaerobic bacteria (Clostridium sp.), 
blue-green algae (Nostoc and 
Anahaena sp.) and anaerobic photo¬ 
synthetic bacteria (RhodospiriUum, 
Rhodopseudomonas and Chroma- 
lium sp.), symbiotic actinomycetes 
and bacteria (Rhizobium occurring 
in root nodules of legumes and even 
.some nunicguminous plants and 
Azospirillum found in Irxise associa¬ 
tion with the roots of some gramina¬ 
ceous plants). Although details of the 
various steps in the chemical reac¬ 
tions and the inorganic and organic 
nitrogenous intermediates involved 
in this process are not yet fully 
understood, the ultimate products of 
biological nitrogen fixation and the 
initial inorganic nitrogenous com¬ 
pounds for further nitrogen assimi¬ 
lation (in the form of organic nitroge¬ 
nous compounds) are believed to be 
ammonia and hydroxylaminc How¬ 
ever. very little of ammonia remains 
as such in soil or surface-water. The 
nitrifying bacteria (Nitmbacter and 
Nitrosomonas) oxidi.se the reduced 
nitrogen (ammonia) into nitrites and 
nitrates, and unless these nitrogen 
compounds arc utilised by soil 
microbes and plants for nitrogen 
a.sstmilation, gaseous nitrogen is 
returned to the atmospheric air by 
the activities of denitrifying bacteria 
(ThiobaciUus sp.. Bacillus licheni- 
formis. Pseudomonas aeruginose. 


Chromobacter sp.). 

Anfmonia is released from dead 
animals and plants by activities of 
organisms causing decay, which 
comprise chiefly a variety of fungi 
and a few bacteria and actinomy- 
cetes. 

Ammonia is formed in the cell as 
an intermediary in nitrogen metabo¬ 
lism (Fig, 2). Because of iLs acute 
toxicity, ammonia must be converted 
into less toxic molecules like an 
amino acid, glutamine, urea etc., or 
must be excreted as rapidly as it is 
formed. Ammonia is apparently fully 
utilized in a plant body in different 
metabolic pathways Most aquatic 
animals excrete excess of ammonia 
as chief nitrogenous “waste” product. 
Such animals are termed “ammono- 
tclic". The best example from the 
vertebrates is the bony fish (teleosts). 
Although “ureotelic” animals (many 
invertebrates, amphibians and 
mammals) and "uricotelic” animals 
(insects, reptiles and birds) channe¬ 
lize excretory nitrogen into urea and 
uric acid respectively, a certain 
amount of free ammoni.i is also 
excreted by them Urea in an aquatic 
environment can be hydrolysed mio 
ammonia, particularly by the cai.iU 
tic activity of the enzyme urease, 
w'hich IS widely distributed m nature 
(chiefly bacteria, tungi and higher 
plants). 
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Fig. I. F.nvironmenl vii-a-vis the influx and oiitflux of ammonia 


Ammonia liberated from nitro- 
geneous fertilizers (ammonium salts, 
urea, calcium or sodium nitrate and 
calcium cyanamide etc.) contami¬ 
nates not only the soil of agricultural 
fields, but also neighbouring ponds 
and tanks, being washed down into 
them during heavy rains. 

Last but not the least is the release 
of ammonia as a common environ¬ 
mental pollutant through effluents 
from paper mills, thermal power 
plants and a great variety of chemi¬ 
cal and pharmaceutical industries. 

Ammonia as a nutrient 

Molecular nitrogen can hardly be 
utilized by plants and animals. 
Inorganic nitrogen of the environ¬ 
ment IS assimilated by the living 
sy.stem either in its reduced form as 
ammonia (ammonium ions) or in its 
oxidi/ed form as nitrite or nitrate. 

1 lowever. both nitrate and nitrite ions 
are toxic to animals; the latter is not 
tolerated even by plants. Microbial 
organisms and higher plants can 
reduce nitrate to nitrite (by catalytic 
activity of nitrate reductase) and then 
reduce nitrite to ammonia (by the 
en/ymes nitnte reductase and hydra 
xylamine reductase). 

Organisms which do not require 
any organic* nitrogenous nutrient are 
known as "autotrophs ", while others 
requiring at least one or more of the 
ammo acids for their optimal growth 
and reproduction are called "meso- 
trophs " or "metatrophs " respective¬ 
ly. Many bacteria and plants, which 
incorporate nitrogen from their en 
vironment in the form of ammonia, 
nitrate and nitrite, and the nitrogen¬ 
fixing microbes are the autotrophic 
organisms The ammonium ion 
enters, the metabolic system of these 
organisms by a reductive amination 
of a keto acid (like o-keto glutaric 
acid) into the corresponding amino 
acid (Fig 2). Such reactions are 
known to occur almost universally in 
all organisms. Even the pro-orga¬ 
nisms. which appeared first on earth 
with a reducing atmosphere, utilized 


ammonium ions from the ammonia- 
rich early atmosphere of this planet, 
probably by reactions similar to 
these. Only after the evolution of 
green organisms with chloroplast and 
subsequent photosynthctic liberation 
of oxygen from water did nitrifying 
bacteria make their appearance and 
could obtain their required energy 
from oxidation of ammonium ion 
into nitnte and then into nitrate with 
the help of atmospheric molecular 
oxygen (Fig. 1). 

Animals arc “metatrophs” and 
they need a constant supply of 
several amino acids (either in the 
form of free amino acids or in the 
bound form as protein) in their food 
for nitrogen assimilation Boo.stingof 
milk production m cattle by feeding 
these ruminants with a controlled 
amount of urea essentially depends 
on utilization of this non-protein 
nitrogen (NPN) for biosynthesis of 
amino acids by the intestinal 
symbiotic bacterial flora. Fingerlings 
of certain cat fishes, particularly 
those of the Indian air-breathing 
Clarias hatrachus (“magur”), when 
given urea in diet, have shown accle 
rated growth and increased protein 
yield, as demonstrated recently 
(1982-1983) by scientists at the 


Central Inland Fisheries Research 
Institute, Barrackporc, W. Bengal 
(personal communication). As a 
matter of fact, teleostean fishes, 
being ammonotelic vertebrates, are 
more tolerant to external as well as 
internal ammonia concentrations 
than the ureotelic or uricotelic 
animals They offer a unique 
opportunity of investigating the 
effects of different concentrations of 
ambient ammonia (within tolerable 
limit) on their nitrogen economy. In 
this respect the air-breathing teleosts, 
found abundantly in the swampy 
areas of the north-eastern and 
southern India, deserve particular 
attention of ecophysiologists. 

Recent studies in our laboratory on 
the snake-headed murrel, “Channa” 
[Ophiocephalus punctatiis), reveal 
that 45 ppm-65 pprn of ammonia in 
the surrounding water causes a 
suppression of ammonia and urea 
excretion (thus nitrogen retention 
for about two weeks, when proteii 
and free amino acid contents (cvei 
total RNA concentration) of th< 
tissues exhibit a significant rise ovei 
their normal levels Quite simila 
results have been obtained recent!} 
(1982-1983) by zwlogists of Shr 
Venkateswara University. Tirupati 
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Fig. 2. Production and utilization of ammonia in cell. Reaction Nos. 1-7 are ammonia¬ 
generating and Nos. I. h and 8-10 are ammonia-rising 


Andhra Pradesh, while working on 
the amntonia- and urea-stre.sscd 
■‘Tilapia” (Sarolherodon mossam- 
bicus) (personal communication). 
These findings point to the potentia¬ 
lity of using ammonium salts or urea 
as a source of NPN in nursery tanks 
of Indian air-breathing fishes wJiich 
needs to he explored. Pisciculture 
being an important adjunct of agricul¬ 
ture in India, the prospect of paddy- 
cum-fish culture using a common 
nitrogenous fertilizer (ammonia/ 
urea) should be investigated properly. 

Ammonia as a toxicant 

For most organisms ammonia is 
regarded as a severe toxicant. 
Mammals (ureotelic animals) are 
well known for their sensitivity to 
ammonia. The normal human blood 
level of ammonia is less than 0.5 
ppm. A blood concentration of 
ai^roximately SO ppm ammonia is 
fatid to rabbit. Even for ruminants, 
sufficient care must be taken in giving 
balanced dietary urea for promo¬ 
ting yield of milk, because any excess 
of urea could result in production of 
free ammonia causing toxicity. Many 


non-mammalian vertebrates, inver¬ 
tebrates. animals and plants', 
however, seem to be more tolerant to 
ammonia. The toxicity of ammonia 
to acquatic organisms has been 
attributed to the NH^ species 
(unionized ammonia). Teleostean 
fishes (ammonotelic animals) differ 
widely in their ammonia-susceptibi¬ 
lity. For fingerlings of most cat- 
fishes, 2 ppm-3 ppm of ammonia in 
the surrounding water may be lethal. 
The concentration of ammonia in 
water causing 50% mortality within 
24 hours is 8 ppm for trout, 10 ppm 
for bass and 40 ppm for goldfish. The 
air-breathing Channa ( Ophiocepka- 
lus) is more tolerant; with 100 ppm 
ammonia 50% mortality occurs in 24 
hours. 

The reasons for sensitivity of 
living forms to ammonia are not 
completely clear, but are probably 
related to the overall problem of 
regulating the ionic environment of 
the cell Being extremely soluble in 
water, ammonia accumulates in the 
cell to a high level and being suffi¬ 
ciently basic it raises the intracellular 
pH readily. The extreme alkaline 
condition possibly causes a meta¬ 
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bolic upset due to inhibition of 
ehzymatic activiues. 

At normal physiological pH, NH, 
exists mostly in its W^ly reactive 
protonate (NH'^ 4 ) form. Its inter¬ 
ference in energy metabolism has 
been explained on the basis of a high 
concentration of ammonium ion 
'driving' the glutamate dehydro¬ 
genase reaction towards reductive 
amination of oxoglutarate, retarding 
the rate of operation of the TCA 
cycle and consequently depriving the 
cell of energy production (Fig. 2). 
Besides, the ammonium cation has 
been postulated to interfere with many 
membrane functions, including active 
transport of cations (like K' and 
Na^) and neuro-neuronal transmis¬ 
sion in the brain. Experiments with 
injection of ammonia containing 
compounds in mammals indicate that 
brain is the most sensitive organ to 
this toxic molecule. The usual 
symptoms of ammonia intoxication 
in man include slurring of speech, 
blurring of vision, a characteristic 
Happing tremor and in severe cases 
coma leadingtodeath. In an ammonia- 
stressed fish death is preceded by 
restlessness, overturning and drown¬ 
ing. Obviously brain functions are 
impaired in both man and fish. 

Although the mechanism(s) by 
which ammonia upsets brain function 
is not completely understood, it is 
possible that the ammonium ion is 
antagonistic to neural transmission 
and so prevents normal operation of 
the citric acid cycle by constant 
draining of alpha-ketoglutarate in the 
form of glutamate and then gluta¬ 
mine. It has been pointed out recently 
(1981-’82) by Attilio Arillo of the 
Institute of Zoology. University of 
Geneva (Italy) that probably the 
biochemical mechanisms for 
ammonia toxicity in mammals and 
fish (teleosts) are fundamentally the 
same. Our observations on the 
murrel, Channa, reveal that when 
exposed to sublethal concentrations 
of ambient ammonia, the fish tends to 
accumulate excess ammonia in 
tissues like liver, kidney, gill and 
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muscle, “saving” blood and brain. 
Thus the level of ammonia in brain 
(and blood) probably determines the 
lethality of this toxicant in fish. 
D.K. Mukheijee and S. Bhattacharya 
of the toxicology laboratory of this 
Department have demonstrated a 
reversible inhibition of brain- 
acetylcholinesterase in Channa 
exposed to 0.05 ppm of ambient 
ammonia (1978). 

Most organisms are endowed with 
some mechanism or the other to fight 
ammonia-toxicity. Simple aquatic 
organisms have no problem with 
ammonia-disposal, because it 
diffuses out freely (in unprotonated 
basic form) into the surrounding 
water and is thereby diluted to a very 
low concentration. Metabolic adap¬ 
tations for more efficient disposal of 
nitrogen became necessary with the 
development of large size, close 
blood vascular system and imperme¬ 
able skin. Brain is known to be the 
most important site of detoxification 
of anunonia in teleostean fish where 
it is trapped by glutamic acid in the 
form of glutamine through the cataly¬ 
tic activity of glutamine synthetase 
(Fig. 2). This glutamine carries 
off the excess ammonia to various 
parts of the body, especially to liver 
for further '•channelization of 
ammonia-nitrogen into various 
metabolites like amino acids, purine 
and pyrimidine bases. Channa 
exhibits an augmentation of brain 
glutamine synthetase activity under 
ammonia-stress (45 ppm-75 ppm). 
Aspartase and asparagine synthe¬ 
tase (Fig. 2), thou^ not ubiquitously 
distributed, also provide a^itional 
pathways for fixation of ammonia 
into non-toxic metabolites. Ur- 
eogenesis throu^ Krebs' (xiiithine- 
urea cycle does occur in hepatic 
mitochondria of ureotelic elasmo- 
branch fishes (and also in the 
dipnoan lung-fishes subjected to 


draught-stress). Although some 
workers have claimed to have 
detected the full complement of S 
enzymes of the urea cycle In liver of a 
few teleostean fishes, the origin of 
urea in them is still an enigma 
The terrestrial animals are capable 
of converting ammonia into less toxic 
products like urea and uric acid. 
However, all biochemical pathways 
for detoxification of ammonia into 
less toxic molecules like amino acids, 
glutamine or asparagine, and urea or 
uric acid (Fig 2) are complex and 
energy-demanding (ATP-consum- 
ing). It is natural therefore that 
increasing concentrations of 
ammonia would drain the metabolic 
energy more and more, jeopardizing 
the survival of the animal. Data from 
this laboratory indicate that 30 ppm 
of ammonia in the surrounding water 
may be regarded as a “safe” 
minimal level of the toxicant for the 
murrel, Channa punctatus, causing 
no apparent physiological or bio¬ 
chemical lesion in the fish. While 45 
ppm-65 ppm of ambient ammonia 
may be beneficial for this fish as a 
NPN-nutrient, exogenous ammonia 
above 75 ppm is definitely a harmful 
pollutant. 

Further reading 
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tive Biochemistry, Vol. 2 (Eds. 
Florkin, M. and Mason, H.S.)i 
Academic Press, New York 
(I960). 

2. Mallette, M.F., Althouse, P.M. 
and Clagett, C.O., Biochemistry 
of Plants and Animals, Wiley 
Eastern Pvt, Ltd, New Delhi 
(1968). 

3. Forster, R.P. and Goldstein, L., 
Formation of excretory pro¬ 
ducts, In Fish Physiology, Vol. 
1. (E^. Hoar, W.S. and Randall, 


D.J.), Academic Press, New 
York (1969). 
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ION IMPLANTATION 
TECHNIQUE AND ITS 
APPLICATIONS 

R. K. MOHINDRA 

In advanced countries, ion implantation, now in wide use 
commercially for improving the performance of semiconduc¬ 
tor devices, has been shown to be beneficial in general 
engineering applications, notably in enhancing wear, fatigue 
lifetime, corrosion and oxidation resistance 


I ON implantation is a technique 
of introducing atoms of any 
desired element at desired sites in a 
solid material. Using this technique, 
desirable properties can be intro¬ 
duced in almost any material by 
irgecting “atomic dose” of appro¬ 
priate doping atoms. The technique is 
so powerful that a chip of silicon can 
be changed into a complete trans¬ 
mitter or receiver, a few millimeters 
in size. Diodes, solar cells, transis¬ 
tors and integrated circuits made by 
doping atoms using ion implantation 
technique have better performance 
than devices made by conventional 
process in which atoms, e.g., of 
boron, phosphorous, etc., are doped 
by thermally diffusing these into 
semiconductors. Ion implantation- 
can be used with great advantage in 
the manufacture of coloured ^ass 
with special optical properties. Stain¬ 
less steel can be toughened by 
implanting nitrogen ions through ion 
implantation. 

The machine 

For implantion, the selected 
atomic specimen is first ionised and 
then accelerated in an electric field to 
energies which usually lie in the range 
of a few kiloelectron-volts (KeV) to 
about 500 KeV in high vacuum. The 
accelerated ions arrive at the work 
piece or target with velocities greated 


than that of a rifle bullet and thus 
penetrate the surface layers of the 
substrate material. Ion implantation 
is a low temperature phenomena 
unlike diffusion. 

As shown in Fig. 1, the set-up used 
for ion implantation is essentially a 
simple nuclear accelerator of Cock- 
croft-Walton type or isotope separa¬ 
tor but with much larger ion beam 
currents. Several new ion sources 
have been developed and it is now 
possible tc produce currents upto 10 
mA for most ion species. The second 
requirement is largely one of presen¬ 
ting the target to the ion beam in such 
a manner as to make effective use of 
the accelerated particles while 
avoiding undue heating of the work- 
piece. This is achieved by using 
special target of work chambers. 

Very few ion implantation 
machine are known to be in use all 
over the world for handling engi¬ 
neering components, and several 
hundreds for fabrication of semi¬ 
conductor devices. For semi-con¬ 
ductor device fabrication by ion 
implantation, one needs ultra-high 
vacuum, better than 10 '’ torr (mm of 
Hg pressure), and cooling arrange¬ 
ment for the sample or substrate 
placed inside target chamber. In 
India, some ion implantation facili¬ 
ties are being developed at several 


places and fairly good facilities exist 
at Bl.abha Atomic Research Centre,* 
Trombay: fata Institute of Funda¬ 
mental Research, Bombay and Birla 
Institute of Science & Technology, 
Pilani. 

Mechanism 

During ion implantation there .s 
radiation structural damage caused 
by incident charged ions in the 
material. A crystalline solid is an 
ordered arrangement of atoms. Any 
variation from this perfect ordering is 
treated as a defect in the crystal. 
Energetic ions literally knock out 
atoms from their equilibrium lattice 
sites in a crystal, thus creating lattice 
“vacancies". The dislodged atoms 
get scattered around somewhere in 
the solid between the occupied 
lattice sites. Such atoms are call¬ 
ed “interstitials”. Thus the imme¬ 
diate effect of incident ions is to 
produce vacancy-interstitial pairs 
known as ‘Frankel pair' in a solid. 
The incident ion occupies the lattice 
or interstitial positions near the 
surface and modifies the near-surface 
material properties. 

A schematic illustration of ion 
implantation process, showing a 
Gaussian sub-surface distribution of 
embeded atoms in the surface layers 
of the material sample or substrate, is 
shown in Fig. 2. Energised ions 
travelling through solid lose energy 
by elastic collisions with atoms of the 
material and by electronic ionisation 
and excitation. These mechanisms 
determine the ion range which can be 
calculated according to the LSS 
theory (1963) of J. Lmdhard, M. 
Scharff and H.E. Schiott of 
Denmark. As shown in Fig. 2. (solid 
curve) the penetration of 100 KeV 
ions into steel is very shallow, 
being about 100nm(l nm=IO“''m). 
With heavier ions the range is even 
less. 

At temperatures of ,'{X) C to 
500' C. the vacancies and interstitials 
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Fig. I. A typical ion implantation system illustrated. It is basically the same as an isotope separator except that the acceleratbn potential is 
high enough to produce significant penetration of the host substrate 


become quite mobile and tend to 
annihilate each other by recombina¬ 
tion. thereby the damage is cured by 
restoring the crystalline structure of 
the solid. This is the principle of 
thermal annealing. Lasei-anncaling 
is also becoming popular. 

Salient features 

Some of the important material 
properties of solids are governed by 
the composition within a few micro¬ 
meters (10~‘m) of the surface. Most 
semiconductor devices arc construc¬ 
ted within this zone: wear and 
corrosion of metals involve near¬ 
surface properties; optical, super¬ 
conducting, magnetic and electro¬ 
chemical behaviour depend strongly 
upon surface composition and physi¬ 
cal! disorder. Control of near surface 
composition has been a long-stand¬ 
ing practical/requirement, achieved 
cither by thermal diffusion or by 
coatings of some kind. Both pro¬ 
cesses are however critically depen¬ 
dent upon the defect state and 
cleanliness of the surface and for this 
reason they often lack in reproduci¬ 
bility. In the case of a deposited 
coating the interface is usually in a 
state of strain and frequently 
becomes subject to mechanical de¬ 
cohesion or interfacial corrosion. 


Ion implantation provides a comple¬ 
tely new and highly controllable 
means of altering near-surface 
properties of materials in a versatile 
manner. 

Ion energies employed in the 
process usually lie in the range 
from 10 KeV-500 KeV. To minimise 
scattering and neutralisation of the 
beam a vacuum of 10“^ torr is 
desirable. The maximum concentra¬ 
tion of implanted atoms is limited by 
sputtering (the kinetic ejection of 
atoms of the target material under ion 
bombardment) to a level usually 
between 10-50 atomic per cent. This 
is important in choosing an ion 
species for implantation; it must be 
effective in the concentrations which 
are feasible by implantation. 

It has been demonstrated that the 
species which prove effective are 
frequently those which have been 


employed previously as alloying 
constitutents, or have been introduced 
by diffusion. e.g.. chromium in steel 
for corrosion protection, or nitrogen 
in steel for wear resistance. However, 
since implantation is a non¬ 
equilibrium process, it is perfectly 
feasible to introduce spieces which 
would not form an alloy, and could 
not be diffused. A good example is 
chromium in copper: these two 
metals are immiscible, but an 
implanted Cu surface with a few per 
cent of Cr in it is highly resistant to 
oxidation or tarnishing. 

Ion plating and ion nitriding 

Ion plating is a coating technique 
in which a small proportion (0.1% to 
1%) of particles to be deposited are 
ionised, e.g.. by passage through a 
plasma. The process is carried out at 


Table 1. Ion implantation parameters 


Implanted elements 

l<>n energies 

Implantation depths 

Range distnbution 

Concentration 
Host material 


— Virtually any clement from hvdrogcn to 
uranium can be implanted 

— Normally 2 to 100 KeV hnergics uplo 5 MeV may be 
obtained with the Van der Orraf accelerator 

— Vary with ion energy, ion species and host material 
Ranges normally 100 angstroms lo lO.OiXt angslroms 

— Approximately gaussian. Choice ol oncrpies allow 
tailored depth distribution profiles 

— From trace amounts upto 50% or more 

— Any solid material can be implanted, including metals, 
semiconductors, and insulators 
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; a much higher gas pressure; typical 
j ion energies are very low, of the order 
’ of 100 KeV, and their penetration is 
limited to a few nm. The purpose of 
ion plating is to build up a coating 
with a composition which is distinct 
from that of substrate and adhesion 
of coating is a matter of major 
; importance. 

In ion implantation, on the other 
hand, there is no possibility of 
: forming a coating and the implanted 
atoms, which often are of gaseous 
' elements, are introduced into 
material and act from within. 

Ion nitriding is a form of gas 
nitriding in which a plasma is set up 
in a nitrogen-rich gas mixture. This 
.serves to dissociate molecular 
species and atomic nitrogen can enter 
the metal more easily. The plasma 
discharge heats the work-piece and 
thermal diffusion transports nitrogen 
into the material. 

Both ion plating and ion nitriding 
have a considerable ‘throwing power' 
while ion implantation is a ‘line-of- 
sight' process in which the ions arrive 
as a directed beam. Table 1 
summarises the typical ion 
implantation parameters as the 
effects produced by ion implantation 
depend upon a number of factors. 
The main advantages of ion implan¬ 
tation are depicted in Table 2. 



Fig. 2. Implanted nitrogen distribution 
(solid curve) and target atom displacements 
(dashed curve) produced by 10 KeV nitrogen 
bombardment of iron to a dose of lO'^ 
ion/cm’ 

Applications 

(1) Semiconductor device fabri¬ 
cation. The implanted atoms exert 
their influence within the matrix of 
the original material, and in this res¬ 
pect at least the process resembles 
that of diffusion. An important dis¬ 
tinction, however is that there is no 
necessity of the ion to diffuse or even 
todissolve in the material of the work- 
piece. Diffusion, furthermore, is 
frequently impeded by the barrier 
effects of surface oxides or con¬ 
tamination films and its rapidity is 
affected by the presence of dislocat¬ 


Table 2. Advantages of ion implantation 


1. No sacriHce of bulk properties 

2 Solid solubility limit can be exceeded 

3 Alloy preparation independent of diffusion constants. 

4. No coating adhesion problems since there is no interface 

5. No change in sample dimensions 

' 6. Depth concentration distribution controllable. 

. 7. Composition may be changed without affecting grain size 
8. Precise location of implanted area(s). 


Table 3. Material properties influenced by ion implantation 


Friction 

Corrosion Resistance 

Bonding 

Wear 

Electrochemistry 

Lubneation 

Hardening 

Catalysis 

Adhesion 

Fatigue 

Decorative finish 

Reflectance 


ions and strain. Ion implantation, 
normally carried out at particle 
energies a million times greater than 
those created thermally, is far more 
predictable. Not only it is therefore a 
reproducible process, but also one 
which can be monitored continuously 
by a simple electrical measurement 
of the ion beam current. 

It is for these reasons that the 
method is extensively used in the 
manufacture of semiconductor 
devices of all kinds. For silicon 
devices like p-n Junctions, transistors 
and field effect transistors thermal 
diffusion of boron or phosphorous, 
etc. is relatively difficult to control. 
The adoption of ion implantation 
could typically lead to an increase in 
device yield by a factor of ten and 
much improved device performance. 

( 2 ) Effects on material properties. 
This work was carried out around 
1976 at Atomic Energy Research 
Establishment, Harwell. England by 
G. Deamaley and his group and has 
been concentrated on material 
properties listed in Table 3. 

These are mechanical and chemi¬ 
cal properties determined to a large 
extent by the composition within 
about 1 pm from the surface. Wear 
and corrosion have been investigated 
in detail because of thqir economic 
value. Processes like ion implantation 
which can extend the life of items 
such as tungsten carbide tools by 
factors of three to ten or more are 
therefore of some importance. 

(/) Wear resistance. There are two 
general principles for increasing the 
wear resistance of a material, (a) by 
introducing a fairly high concentra¬ 
tion of species which will form 
strong interatomic bonds with the 
matrix and which will hamper the 
movement of dislocations, and (b) by 
introducing a solid phase lubricant or 
by improving the action of a fluid 
lubricant. It is also possible to 
consider adopting both approaches 
by a dual implantation, the first of 
these methods is familiar in the 
nitriding or carburising of ferrous 
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IFig. 3. The factor by which wear rate is 
reduced as a result of nitrogen implantation 
dose into nitriding steel, determined by pin- 
on-disc measurements 

alloys and more recent process of 
boronising. Hard compounds such 
as nitrides and carbides are formed, 
in this case under equilibrium 
conditions at high temperatures. 
There is a close relationship between 
the hardness of a material surface 
and its wear resistance. 

Measurements of wear resistance 
of ion implanted metal surfaces were 
first made by N.E.W. Hartley in 
1978at A.E.R.E. Harwell,England. 
A loaded in pin wears against an ion 
implanted disc and the wear rate is 
measured as shown in Fig. 3. 

(ii) Friction. The first experiment 
on changes i^ the coefficient of 
friction brought about by ion 
implantation were carried out by 
Hartley in 1976. Most of the tests 
were performed using chrome carbon 
bearing steel and the implanted ions 
of soft metals such asPb* ,Sn^, Ag^. 
and In^. Ions of Mo^, S'* in the 
ratio 1 : 2 were used with the aim of 
forming M 0 S 2 which is a solid 
lubricant. Doses introduced were 
generally around 3X10'* ions/cm^. 

All the ions, with the exception of 
Kr'*^ produced significant change in 
friction. This indicates that radiation 
damage or ion bombardment alone is 
not responsible for the change. The 
effect is controlled by change in 
composition. The largest reduction in 
friction (60%) was achieved with 
5/1 ■*■ ions. It was interesting that a 
mixture of Mo"*" and 28'*', gave, an 
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appreciably lower friction coefficient 
than either of the constituents alone, 
although there was no direct evidence 
that M 0 S 2 formed. Scanning 
electron microscopy revealed the 
nature of stick-slip adhesion in Pb^ 
implanted steel. 

iiii) Fatigue-life improvement. 
The effect of 30 keV nitrogen-ion 
implantation on fatigue lifetime of 
steel has been investigated by S.Lo. 
Russo and coworkers in Italy 1980. 
The implants enhanced the fatigue 
lifetime for nitrogen doses between 
10'^ and 2 X 10'^ ions cm^. Their 


results also suggest that implanta¬ 
tion current density can have an 
important role in the thermal 
diffusion of implanted ions. The 30 
KeV nitrogen implants were per 
formed without mass analysis i.e.,the 
implantation beam consiste'd of an 
admixture of and N 2 ^ i<»ts. Before 
the implants, the samples were elec- 
tro-chemically polished. 

(/V) Corrosion studies. Corrosion 
is a significant factor in USA. 
Recently it has been estimated that at 
the US Naval-Air Facilities, the 
annual cost for replacement of 


(hr) 



Fig. 4. Relitionship between thickncfs of oxide Ityer formed on titanium and time in air at 
MCFC fcrBidnvlantad titanium (openefavies) and barium-implaiMad titanium (ctoseaquaiea) 
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Fig. 5. The eflcct of calcium implantation 
on the oxidation of titanium in oxygen at 
600 C. as a function t)f ion dose 


turbojet engine bearings damaged by 
corrosion alone is estimated to 
exceed $ 2 million. 

Corrosion-related implantation 
work can be grouped under the 
following arbitrarily selected catego¬ 
ries : (a) Atmospheric corrosion or 
degradation: (b) High temperature 
oxidaticai: and (c) Aqueous 

corrosion. 

Corrosion science is being 
extensively studied by using ion 
beams by V. Ashworth and others at 
Corrosion and Protection Centre, 
Manchester, U.K. 

(a)Atmospheric corrosion. The 
inhibition of atmospheric degrada¬ 
tion of metals following ionlxymbard- 
ment constitutes one of the oldest 
phenomena accompanying in^Iant- 
ation. It has been reported that 
copper beam line components re¬ 
moved from isotope separators retain 
a shining appearance in only those 
areas which had been exposed to the 
beam. More recently, a number of 
workers have observed an inhibition 
of atmospheric tarnishing following 


ion implantation, but more work is 
needed to understand this pheno¬ 
menon. 

(b) High-temperature oxidation. 
Ion implantation effects related to 
high temperature oxidation are better 
understood than those involving 
atmospheric corrosion. G, Dearnaley 
and coworkers at Harwell (1978) 
have been active researchers in this 
field. Their early work showed that 
oxidation of chromium-rich stainless 
steels was significantly reduced by 
implantation of yttrium or rare earth 
ions, and the implanted ions stayed 
close to the interface and reduced 
oxide spalling. One hypothesis for the 
increased protection was the forma¬ 
tion of impermeable barriers of 
perovskite structures such as YCr 03 
or LaCrOj. 

Studies of Ti oxidation have shown 
that those implanted species which 
formed perovskite structures (e.g., 
Ba. Ca, Eu) were most effective in 
inhibiting thermal oxidation as shown 
in Figs 4 and 5. There is evidence 
that several implanted species diffuse 
deep into the material at temperatures 
below 800"C (presumably along 
defect networks) and can still inhibit 
oxidation on both sides of an implan¬ 
ted foil (50 pm thick). 

The oxidation resistance of 
FeCrAlY alloy can be improved by 
implantation. A stainless-type 
copper has been produced by 
implanting Al, Ti or Cr (a normally 
iiuoluble element) into copper. This 
suggests possible use of these ions for 
corrosion-free electrical contacts. 

(c) Aqueous corrosion. The 
implantation of Cr into commercial 
steel by J.K. Hirvonen and co- 
workers at Naval Research Lab., 
Washington. U.S.A. (1978) demo¬ 
nstrated the potential advantage of 
implantation for improving the 
(surface) corrosion of a material 
without impairing its bulk prcq:>eities. 
The advantage that implantation is a 
low temperature process appears to 
be important for its potential applica¬ 
tion to situations where elevated 
temperatures may produce undesir¬ 


able bulk property changes. However, 
it is too early to assess the utility of 
ion implantations approach for 
controlling aqueous corrosion. 

Ion implantation is today establi¬ 
shed as a powerful method of 
controlling the near-surface composi¬ 
tion and properties not only of 
semiconductors, but also of a 
growing variety of other materials. 
New developments in accelerators 
and ion source design are increasing 
the range of possible applications. 
For the future, it provides a most 
interesting area of interdisciplinary 
research. 
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CHARACTERISATION 

OF 

SOLID CATALYSTS 

M.R. BALASUBRAMANIAN 

A knowledge of the physicochemical properties of a solid 
catalyst is vital for assessing its suitability for a particular 
application 


C ATALYSTS are the vaulting 
poles used by reactants for 
jumping over the energy barrier that 
separates them from the products. 
When the catalyst belongs to a phase 
(usually solid) different from that of 
the reactants and products (usually 
gas or vapour), the catalysis is known 
as heterogeneous catal)rsis. As most 
of the heterogeneous catalysts are 
solids, their solid state behaviour 
may be expected to influence the 
catalytic activity. In this context two 
facets of the nature of the solid state 
deserve consideration: arrangement 
of atoms, ions or molecules in solids, 
and availability of orbitals or 
electrons in solids for interaction 
with gases. The former is called the 
geometric factor and the latter the 
electronic factor. 

Geometric factor 

Solids may be made up of mole¬ 
cules, ions or metal atom.s. These 
building blocks are arranged in a 
regular repetitive pattern in all 
crystalline solids. The dependence of 
catalytic activity on crystal structure 
was first observed by A.T. 
Gwathmey, an American scientist, 
who reported in 1958 that the rate of 
decomposition of CO over nickel 
catalyst was difl'erent for different 
crystal planes of the metal. Catalytic 
reactions, whose rates depend on the 


nature of the crystal planes in the 
catalyst exposed to the reactants, arc 
known as structure-sensitive reaction. 
Another illuminating fact suggesting 
a relationship between crystal 
features and catalysis is the enhanced 
catalytic reactivity observed at dislo¬ 
cations (linear imperfections in 
crystals). 

Electronic factor 

The three types of solids mention¬ 
ed earlier differ in their ability to give 
up or accept electrons. Molecular 
solids (with very few exceptions such 
as graphite) lack this ability. Ionic 
solids possess this ability if they are 
doped or defective. Metals can only 
give up but cannot accept electrons. 
The dependence of catalytic activity 
on this electronic factor has been 
demonstrated in both metals and 
semiconducting oxides through the 
phenomenon of chemisorption. 
Chemisorption occurs when a solid 
(metallic or otherwise) donates 
electrons to or accepts electrons from 
gas molecules resting on it. If such gas 
molecules are converted into cations, 
the process is known as cationic 
chemisorption. If the gas molecules 
are converted into anions, the 
process goes by the name of anionic 
chemisorption. Chemisorption is a 
pre-requisite for heterogeneous 
catalysis. 


The contributions of the two 
factors and of an interplay of both 
can be assessed only if, in addition to 
the chemistry of the reacting gases, 
the physicochemical characteristics 
of the solid catalysts are definitely 
known. Properties included in this 
characterisation fall into one of the 
following types : 

1. Crystal Structure or Structural 
Properties (such as lattice type, 
lattice vacancies, etc.) 

2. Thermal Properties (such as 
polymorphic changes, thermally 
induced lattice distortions, etc.) 

3. Electrical Properties (such as 
electrical conductivity, type of semi¬ 
conduction, etc.) 

4. Magnetic Properties (such as 
magnetic susceptibility) 

5. Optical Properties (such as 
infra-red and ultra-violet spectra) 

6. Chemical Properties (such as 
oxidation state) 

7. Surface Properties (such as 
surface acidity, surface area, etc.) 

Structural properties 

A knowledge of the crystal 
structure of the catalyst is vital for the 
successful interpretation of the 
observed level of activity of the 
catalyst for a given reaction. Some 
types of lattices (arrangements of 
atoms in a crystal) are associated 
with high catalytic activity, e.g., 
oxides with the crystal structure of 
spinel (magnesium aluminate) are 
proven catalysts. :Lattice type also 
governs the type of reaction cata¬ 
lysed, e.g., CaO (having the NaCl 
type lattice) is a dehydrogenation 
catalyst, whilst Cr^Oj (having the so- 
called corundum type lattice) is a 
good dehydration catalyst. Crystal 
structure can be determined dirough 
X-ray diffraction. Crystal structure 
and density (high-precision methods 
are available for density determi¬ 
nation) together reveal the presence 
of lattice defects such as vacancies 
or extra atcxns (interstitials). 


Sh. Balasubramanian K Lecturer in Chemi•:t^^. Govt. College of Technology, Coimbatofe-641013 




Sohd eotolyst 


Gtomttric factor 

_L 


Eltclronlc (actpi 


Structural praps 
(Cry stolstr ucture I 


- 1 - 

Thtrmot props 

Higher activity 
at phase transition 


Distorted Defective 

v 

Enhonced 
Catolytic octivity 


Surfocc 

_I 


Surface orea 
^ Supports 

Increased activity 


^Surfoce states 
Fundamental study 


Mognetic 

_ 


—\— 
Chemical 


1 
Optical 


Diomognetic 


Less octive 


Conen of 
active centres | 

Surface acidity 
ocidic solids* 


r 


"T 


Foromagnctic * . . - 
I* catalysts for 

Highly active oxidation of 
Eicctricoi properties alcohols bosic 

_L 


Metallic Semiconducting 


r 

Typical^ metals 

Not stable towards 
Oxidation 


Insulating 


Transition metals 


Hydrogenation 

Catalysts 


p-Type 

I 

Deep ox idotion 
catalysts 


Oxides 
I Lewis ocids) 

I 

Dehydrotion and 
cracking catalysts 


solids-catalysts 
for dehydrogerxition 
of olcohols 

IR AbSjOrbing 

Metal oxygen 
double bonds 


n4ype 

I 

Mild oxidation 
cotolysts 


Oxides 

1 BifunctionaM 
BiMo 0& 

(ammoxidotioncatalyst) 


Chloides 
(Lewis acids) 

I 

Fncdct crofts 
catalysts 


UV Absorbing 
Bond polarity 


Fig. I. Properties of solids relevant 40 cataijftic studies 


Thermal properties 

Some crystals which are tetragonal 
(cube pulled along one direction) at 
room temperature become cubic on 
heating. The temperature at which 
this phase transition occurs is 
important for catalysis, because the 
two phases are usually difTerent in 
activity and the activity reaches a 
maximum at the transition tempera¬ 
ture. In ionic crystals containing two 
cations, a regular arrangement the 
two cations may be transformed into 
a random arrangement at a particular 
temperature. This is known as order- 
disorder transformation. Ordered 
and disordered phases invariably 
have different catalytic activities. 
The above phenomena can be studied 
through differential thermal analysis. 

Electrical properties 

Solids conduct electricity through 
' the agency of electrons (as in metals 
or n-type semiconductors such as 
ZnO), or holes—absence of electrons 
—(as in p-type semiconductors such 
as CujO). Whether a solid is n-type 
or p-type can be found out by 
measuring what is known as the 
Seebcck co-efficient and its algebraic 
sign. A more pertinent method 
involves flooding the catalyst surface 
with oxyget; and then observing the 
concomitant change in conductivity. 
Oxygen can only accept electrons. 
When electrons flow from n-type 
semiconductor to oxygen, concen¬ 
tration of charge-carriers decreases 
and hence the conductivity of the n- 
type semiconductor also decreases. 
When electrons flow from p-type 
semiconductor to oxygen, concen¬ 
tration of holes which are the charge- 
carriers in p-type semiconductors, 
increases and hence the conductivity 
also increases. For measurement of 
electrical conductivity, the powdered 
and pelletised catalyst sample is 
sintered and its resistance measured 
across the pellet of known dimen¬ 
sions using a vacuum tube voltmeter. 

Magnetic properties 

Electronic factors depend pri¬ 


marily on the presence of unpaired 
electrons in the catalyst molecule. 
Determination of magnetic suscepti¬ 
bility helps in the detection of unpaird 
electrons. The reason is not far to 
seek : molecules containing unpaired 
electrons are paramapietic (possess 
a magnetic susceptibility) and those 
devoid of unpaired electrons are dia¬ 
magnetic (have zero magnetic 
susceptibility). Magnetic susceptibi¬ 
lity can be measured through weighing 
a mass of the sample in the absence 
of magnetic field followed by 
weighing in the presence of a 
magnetic field. If the sample weighs 
more in the presence of a magnetic 
field than in its absence, the sample is 
paramagnetic. If the paramagnetic 
centres are very few and widespread, 
they can be detected through electron 
spin resonance spectroscopy. 

Optical properties 

By optical properties is meant the 
effect of electromagnetic radiationon 
the solid. Part or whole of the radi¬ 


ation energy is absorbed in a parti¬ 
cular wavelength region of tlu 
spectrum. From the.wavelength (oi 
wave number) and intensity of the 
transmitted beam the nature of th( 
molecules can be unravelled 
Depending on the wavelength of thi 
radiation used, the effects prevail 
Infra-red, the long wavelragth region 
affects vibration of the chemica 
bonds. Ultra-violet, the short wave 
length region, causes transition o 
electrons to higher energy levels 
Thus the type of bonds and tlw typi 
of orbitals can be gauged from IR ant 
UV spectra respectively. More usefu 
information can be obtained b; 
recording the spectra of the adsorbec 
species on the catalyst surface. 

Chemical properties 

It may be recalled that semicon 
ductors are good catalysts. Most o 
them are non-stoichiometric, i.e. 
their formulae differ slightly from th' 
integral ratios dictated by Dahon' 
theory. For instance, there are seve: 
different phases between the compc 
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Table 1 


SL Properly for study Method 

No 


1. Crystal Structure 

2. Crystal Defects and Non-stoichiometiy 

3. Thermal' Distortion 

4. Electrical Conductivity, Type of semi- 
conduction 

5. Magnetic Susceptibility number of un¬ 
paired spins 

6. Bond type 
Orbital type 

7. Surface Area 
Surface Composition 
Surface Acidity 


X-ray diffraction 

X-ray diffraction, density determination 
and chemical analysis 
Differential Thermal Analysis (Derivato- 
graph) 

Conductivity set-up, Seebeck Co-efficient 

Guc^ Balance ESR 

IR Spectra 
UV Spectra 

BET set-up/Sorptometer 

XPS, LEED 

IR of adsorbed species 


sitions VjOj and V 2 O 5 . One such 
phase, V( 0 , 3 , is known to possess 
excellent catalytic properties. These 
phases can be detected and estimated 
only if X-ray analysis and a compre¬ 
hensive chemical analysis are 
combined. 

Surface properties 

A piece of iron does not catch Hre, 
but very fine powder of iron is pyro¬ 
phoric. This is so because for a given 
mass of material the surface area is 
larger in the powdered sample. Being 
a surface phenomenon, die hetero¬ 
geneous catalysis naturally depends 
on the extent of the surface. Surface 
area of a catalyst can be increased by 
carefully avoiding the conditions 
(such as high temperature) that lead 
to sintering during the preparation of 
the cataly Jt. A better and more easily 
practicable technique is to disperse 
the catalyst on the surface of an inert 


support such that each crystallite of 
the catalyst can offer its whole 
surface for catalysis. 

Surfaces may be acidic or basic. 
Nature of the acidity or basicity and 
the population of the acidic or basic 
centres on a solid catalyst control its 
catalytic behaviour. Several methods 
exist for the determination of surface 
acidity and basicity. Neutralisation 
by an acid (pr a base, as the case may 
be) in a non-aqueous solvent and the 
spectral method are two such 
methods. 

Techniques used for measuring the 
above properties are given in Table 1. 
Properties which frequently need 
investigation in the context of 
catalysis are mentioned in Fig. 1. 
Types of reactions which are broadly 
expected to be catalysed by a solid 
possessing a given property are also 
indicated (Fig. 1). When, however, 
the etfects of two such properties are 


diametrically t^iposed to each other, 
explanaticm of the observed catalytic 
behaviour becomes difficult. 

Modern tools for surface studies 
Though the above methods of 
characterisation suffice in most of the 
circumstances met with in practical 
situations, they are not adequate for 
gaining an insight into the nature of 
the catalytic surface. Surface of a 
solid differs from the bulk of it in 
regard to energy, bonding and 
chemistry. Sophisticated meriiods 
(low enei^y electron diffraction, X- 
ray photoelectron spectroscopy,etc.) 
are at hand for the fiindamental study 
of surfaces of solids. A judicious 
combination of the different 
methods leads to a good choice 
among catalysts for a particular 
reaction. 

Further reading 

1. Thomas, J.M. and Thomas, W.J., 

'Introduction to the Principles of 
Heterogeneous Catalysis, 

Academic Press, New York 
(1967). 

2. Band, G.C., Catalysis by Metals, 
Academic Press (1962). 

3. Smakula, Alexander in Experi¬ 
mental Physics Vol. 6 A, Edited 
by K. Lark-Horowitz and V.A. 
Johnstone, Academic Press, New 
York (1959). 

4. Krylov, O.V., Catalysis by Non- 
Metals, Academic Press, New 
York (1970). 

5. Anderson, R.B., (Ed.), Experi¬ 
mental Methods of Catalytic 
Research, Academic Press, New 
York (1968). 
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And now superluminous stars 


U NTIL a few decades ago, astro¬ 
nomers had believed that a 
huge star, its mass hundred times that 
of our special star “Sun”, was not 
possible to form and exist in the 
universe. In fact, a star with a mass 
sixty times that of the solar mass was 
cpnsidered to be a rarity—only one in 
a billion stars. And not only that this 
view was simply based on astronomi¬ 
cal observations of the night sky but it 
was also backed up by mathematical 
calculations. Only a small star was 
possible to form and live. But in these 
days of giant structures, astrono¬ 
mers, too, have discovered scane 
stars in the universe having a super¬ 
mass, as much as thousand times the 
solar mass. Those stars are therefore 
also dazzling in brilliance ! Known as 
“Superluminous” objects, one parti¬ 
cular star, designated R 136 al, 
has received considerable attention 
in recent times because it is in one of 
the nearby galaxies. Although it is 
still too early to say anything subs¬ 
tantial about this ol^ct, one thing is 
sure that our ideas of the formation of 
stars are in for a change. 

R 136 al is in the 30 Doradus 
Nebula, the irregular, extra-ordinari- 
ly bri^t and lai^est gaseous nebula in 
the neighbouring 30 or so galaxies. 
One can imagine how large is this 
nebula from the fact that whereas the 
so-called Great Nebula in the Orion 
constellation kxdcs like a fuzzy star in 
the night sky to the unaided eye, 30 
Doradus is of the size of the Sun or 
Moon in the dty, although it is 


hundred times farther away than the 
Great Nebula. At one time, an 
object, disignated as R 136, near the 
center of the 30 Doradus Nebula, 
was believed to be a massive super- 
luminous star emitting light about 10 
million times that the sun emits. If 
one included the invisible ultraviolet 
radiations, one had to multiply the 
above figure by fifty to get the total 
amount of radiations, visible and 
invisible, emitted by the objea. On 
closer examination, however, the 
object was found to be composed of 
three components, R 136a, R 136b 
and R 136c, arranged in form of a 
comma, the brightest among them 
being R 136a. 

However nothing much could be 
detennined about R 136a until the 
International Ultraviolet Explorer 
(lUE) satellite was launched in 
1978. The lUE satellite studied the 
enormous amount of invisible ultra¬ 
violet rays which are otherwise 
absorbed by the terrestrial atmos¬ 
phere. It was then found that/i 136a 
has a surface temperature of 45,000- 
80,000 K and is losing mass in form 
of a wind, called “Stellar wind”, 
vtdiich is moving at a velocity of 3.500 
km/sec. Ordinarily, a very hot star 
has a stellar wind moving at a 
velocity of 2,000 km/sec. Never¬ 
theless, on a fluke excellent “seeing” 
conditions on earth and using a novel 
astronomical technique “Speckle 
spectrometry”, the object R 136a 
was itself found to be consisting of 
four stars, of which R 136al was the 


brightest. Today, R 136 a / it ooni> 
dered as the “SoperhBnhiout” 
object, although there is still unoir- 
tainty as to whether it is a smgle ttw 
CH* a cluster of stars. If it is a shdi^ 
star, it is estimated to have a mass 
400-1000 times the solar mass— 
twice as large as any previous 
known star. 

Now there are some proUeias to 
be overcome to explain the fotmatioQ 
of a supermassive, supertuariimis 
star because till recently the presence 
of such a star was ruled out. bi 
normal course, a star or a cluster of 
stars is formed when a cloud of 
gas and dust collapses at one poiot or 
several points. Around the pc^t (re 
points) the mass gets collected and 
due to gravitational forces Uis 
thermonuclear reactions occur. The 
proto-star thus formed begins to 
release heat and radiaticm which 
push away the gas and dust still 
continuing to fdl on the star due to 
its gravitational pull. Iqdue course, a 
balance is struck between these two 
opposing forces and the star assumes 
a stable existence. In case, the dust in 
the neighbourhood is above a parti¬ 
cular limit, the star would assume a 
stable existence, however, with a 
shell of dust about it. In other words, 
a limit on the size of the star Is 
enforced. 

So, the formation of a super- 
massive star is possible only due to 
some excejAional circumstances. For 
instance, the cloud that collapses to 
form it had to have a very large 
amount of gas to begin with. It should 
also be at a lower temperature as 
compared to a normal star in the 
process of formation. More mass 
could therefore pile up before the 
heat and radiations generated by the 
star began to prevent any further 
accumulation. The star could also 
keep itself stable due to its high 
rotation speed and magnmic fiefo 
embedded in it. Then there is atoo the 
intriguing possibility that such a 
supermassive star could have formed 
out of coalescence of a cluster of 
stars, just as drops coalesce to form a 
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tagger drop, although the formation 
of such rare stars in a cluster is still a 
debatable issue. One cannot be sure 
about any one of these possibility at 
the moment because the formation of 
stars is in itself a subject full of 
puzzles ! Why not explain away the 
high mass and high luminosity of R 
136a I due to the presence of an 
exotic object, such as, a black hole at 
its center ? There is no need for such 
an exotic object because the radia¬ 
tions that the superluminous star 
emits are of an otherwise normal star 
(Scientific American, August 1984). 

The interest in R 136a] has 
sparked off due to the discovery of 
other similar stars in the sky. In our 
own galaxy, the Milky Way, the 


object NGC 3603 seems to be 
smaller version of R 136al. In fact, 
astronomers have begun to think that 
such superluminous objects must be 
quite a few because massive, gaseous 
nebula, where they (the stars) are 
formed, are present in the universe. 
These stars have however not yet 
been discovered because they emit a 
lai^e amount of invisible ultraviolet 
radiations which are absorbed in the 
terrestrial atmosphere and are thus 
lost to astronomers of earth. NASA’s 
Space Telescope due to be launched 
in 1986 would enable astronomers to 
spot many more such stars and to 
study them on a much more extensive 
scale. 

Dilip M. Salwi 


Contact lens 


C ontact lenses are disc¬ 
like transparent structures 
made of polymeric materials and 
superimposed on the cornea to 
improve visual corrections of persons 
with astigmatism (a kind of eye 
defect). The wearer has then not to 
balance and bear the load of specta¬ 
cles on his nose. In the beginning, 
glass was used exclusively for some 
years and lenses had to be ground 
and prepared for an individual’s 
need. The introduction a plastic 
corneal contact lens was a major 
landmarx. The pioneer work of 
Professor Wichterle of Prague in the 
late 19S0s with acrylic hydrogels 
opened up the doors of contact lens 
and completely revolutionized the 
industry. Acrylic polymers began to 
replace glass due to their toughness. 
(Aysiologically inert nature and 
optical properties. 

To know the mechanism of working 
of a contact lens one needs some 
understanding of the human eye 
(Fig. 1). The eye is exquisitely sensi¬ 
tive and is i^ie to adjust to the 
dimmest of light (less than 100 
photons) as welt as to brilliant 
sunshine within a minute without 
being blinded. No man-made photo¬ 


graphic system can function under 
such extremes. The outer layer of 
spherical eye-ball serves to focus 
light on retina, a light sensitive tissue 
at the back of the eyeball as thick as a 
tissue paper. Incident light first 
passes through the transparent 
cornea, then through the pupil into 
the lens and finally hits the retina, 
whose “photoreceptor” cells convert 
light into electrical signals, which are 
passed on to the brain by optical 
nerves. 

Iris is the circular muscle in front 
of the lens and regulates the amount 
of light entering the eye by acting as 
an adjustable shutter. Rods and cones 
are two types of light-sensitive cells 
which serve as photoreceptors of 
retina. Cones are colour-sensitive 
and work in bright light, while reverse 
is the case with rods. Aqueous and 
vitreous humour (gel) are two 
different liquids which maintain the 
shape of eye. A contact lens may be 
considered as an extension of cornea 
and accompanies it in all the move¬ 
ments of the eye-ball. The design and 
fitting of a contact lens are inqxMtant 
for the comfort of the patient. Also, a 
good contact lens can be easily 
removed and inserted. Ammig the 
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Fig. 1. The human eye 


essential requirements, optical trans- 
parancy of the material is of prime 
importance. It is relatively easy to 
find a material which transmits 
approximately 90% of the light in the 
visible range of the eye (400-750 
nm). Also, a material whose refrac¬ 
tive index is close to that of cornea is 
not hard to find. 

There are also many other essential 
requirements of a contact lens. In 
the first place, it is necessary for the 
cornea, which consumes oxygen 
directly from the atmosphere, to 
respire in a substantially undisturbed 
manner to carry out the metabolic 
processes of living cells. Oxygen 
permeability is therefore essential in 
developing new polymers for contact 
lenses. It however varies with the 
chemical structure ^nd morphology 
of the polymer. Secondly, the tear 
must wet the lens sufficiently so as to 
maintain a continuous tear film on 
the lens. The tears must flow down 
across the eye so that the contact lens 
floats on the eye providing comfort to 
the wearer. Thirdly, in order to 
maintain visual stability, the lens 
should be able to resist the deforming 
force of the eyelid during blinking. 

The surface pre^rties of the 
material must not encourage accu¬ 
mulation of proteinaceous debris or 
growth of microorganisms on the 
surface of the lens. Almost ^leutral 
pH and almost constant tempeijature 
of the eye are ideal conditions for the 
proliferaticm of microorganisms. 
Cleanliness is essential to retard 
bacterial growth and for the removal 
of deposits from the lens. Residual 
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(Methylmethacrylate) |2-Hydroxyethylmethacrylate) 

Fig. 2. Two principal polymeric materials for contact lenses 


amount of cleansing agents or their 
breakdown products should be harm¬ 
less to the eye. Also, the contact lens 
should be physiologically inert so as 
to cause no disturbance to the 
surrounding tissue. Even water 
absorption on the cornea can alter the 
refractive index of the lens material. 

Hard and soft contact lens 

Two different types of contact 
lenses are used : (a) Hard contact 
lenses are made of thermoplastic 
materials which are hard and hydro- 
phobic (not wetted with water) and 
(b) Soft contact lenses which are 
made of hydrogels of polymer which 
are hydrophilic (wetted by water). 
Hard contact lenses cover a portion 
of the corena, .about S to 11 mm in 
diameter (the diameter of cornea is 
approximately 13 mm). A prc^erly 
fitted lens should neither cause the 
wearer discomfort nor interfere with 
the normal functioning of the eye. 
Problems in achieving adequate tear 
flow often arise when some wearers 
are unable to adapt to the lens. In 
other cases physiological changes in 
the cornea, e.g., corneal swelling, 
are observed. 

Almost all thermoplastics are 
tough and permeable to oxygen and 
so to find a hard lens material is not a 
tedious task. Poly (methylmetha¬ 
crylate), polyethylene, poly (vinyl 
chloride)and other halogenated vinyl 
polymers, polystyrene are the 
materials proposed for the lens. As 
yet ncme have (voved acceptable 
in the sense that they are unable to 


promote the flow of tear fluid under 
the lens, a primary requirement for 
the physiological compatibility of the 
lens and the wearer. 

Poly (methylmethacrylate) has 
however attracted much attenticn 
due to its transparency, toughness 
and physiological inertness. Poly (4- 
methyl pent-I. ene) and cellulose 
acetate butyrate are the polymers 
which possess higher oxygen per¬ 
meability and are less rigid and brittle 
than poly (methylmethacrylate). But 
despite these superior qualities, the 
former are yet not used in common 
practice. Poly (methylmethacrylate) 
is still being used in making hard 
contact lenses. Researches are in 
progress to obtain a copolymer d* 
methyl methacrylate with some 


polymer-containing high oxygen 
permeability, e.g, silicones. Sdt 
contact lenses are derived from 
acrylic hydrogels. Poly (2-hydroxy- 
ethylmethacrylate), which is totally 
compatible with human eye, is a 
principal polymer used for making 
this type of contact lenses. 

Soft contact lenses are more 
comfortable to the wearer, cause 
fewer initial problems and are 
durable. There is also no need of 
removing them in the night because 
they have a very high oxygen per¬ 
meability . The soft lens is much like a 
membrane with limited mobility on 
the eye. It is glassy and brittle when 
dry and becomes soft after swelling in 
water. It retains a significant fraction 
of water. 

Unfortunately, with all its advan¬ 
tages and comfort the soft contact 
lens is not without shortcomings. 
Soft contact lens cannot, for instance, 
correct severe astigmatism. Hydro¬ 
philic contact lenses are nevertheless 
still to be developed further. As more 
advanced polymeric systems are 
developed, long-term and eventually 
permanent systems are envisioned. 

Anita Bahadur 
S.G. University, Surat-7 


Photocatalytic decomposition of water for hydrogen 

production 


HE current energy crisis has 
created a tremendous interest in 
discovering new sources of fuel to 
supplement our dwindling resources. 
Solar energy as available on the 
surface of the earth constitutes clean, 
non-polluting, abundant and relati¬ 
vely “free” energy source. Solar 
energy nuiy be converted direcdy 
into heat, mechanical energy, electri¬ 
city or fuel. Catalytic splitting of 
water by sunlight to produce 
hydrogen, recent work in tMs area 
and some of the problems that still 
remain are discussed here. 

Stable high energy chemicals are 


the best means for efficient storage of 
energy for long periods of time. 
Direct conversion of the energy of 
sunlight into the free energy of a 
chemical product is considered a 
permanent solution to the energy 
problem. Several chemical systems 
have been envisaged for optical-to- 
chemical energy conversicm. 
Recently, studies on photoelectro¬ 
chemical (PEC) cells based on semi¬ 
conductors offer the unique advan¬ 
tage of converting optical energy into 
chemical energy in a single step 
process. It is a field of multi¬ 
disciplinary activity. Water can be 
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dissociated by visible light by 

1 . Photochemical processes—using 
photocatalysts such as compound 
salts and photosynthetic dyes. 

2. Photobiological processes—natu¬ 
ral or synthetic chlorophyll, algae 
and bacteria. 

3. Photoclectrochemical processes— 
using semiconductor photocata¬ 
lysts such as SrTiOv etc. 

While the goal of an clTicient and 
staUe system for the direct solar 
production of fuels remains an elusive 
one; semiconductor based systems 
remain the most efficient chemical 
systems described so far for such a 
reaction. 

The decomposition of compound 
molecules of water requires breaking 
of its molecular bonds. This bond can 
be broken by providing necessary 
energy by heat, electricity or light 
photons. The system 160-, 

+ H 2 employs an abundant raw 
material (water) and produces a fuel 
(hydrogen) which may be readily 
stored and shipped. This fuel can be 
used to provide heat without any 
environmental pollution and to 
produce electrical power efficiently, 
cleanly and cheaply in a fuel cell. In 
addition, the hydrogen can be used as 
the basic raw material for producing 
other clean fuels and valuable chemi¬ 
cals from various sources such as 
coal and shale. 

Since 1972. a tremendous 
explosion of information and work on 
this subject is seen. The solar power 
efficiency of most photoelectro¬ 
synthetic systems with no input of 
external clesctrical energy is gene¬ 
rally about l%-2%. Photo-assisted 
‘ processes, where an electrical bias is 

* applied to the PEC cell and both 
radiant and electrical energy are used 

* to produce products which show 

* higher efficiency is of less interest 
' from a practical view point. 

* For example: Pt/HCl-KCl/P-InP 
^ (Ru-coated); Solar-to chemical (Hj) 
f conversion efficiency (p) 12%. 

* Research until now has explored 
® various semiconductor materials for 


their possible applications in PEC’s 
ftx- solar energy conversion. Essential 
factors controlling the interfacial 
processes are fairly well understood. 
However, crucial material problems 
remain to be solved before realizing 
any practical device. The fact that 
nearly 50% of the theoretically 
jMSsible upper limits of energy 
conversion efficiencies have been 
achieved with regard to solar-to- 
hydrogen indicates that further 
improvements are definitely possible. 

Since the first light-assisted 
electrolysis of water using a semi¬ 
conductor electrode was performed 
by Fujishima and Honda, many 
materials have been tested which can 


accomplish this goal. Yet none has so 
far been shown to sinniltaneously 
satisfy the obvious requirements of 
using only visible light, long term 
stability operability at near neutral 
pHs with a practical efficiency and 
reasonable economics of operation. 
With the efforts under way in a 
number of academic and industrial 
laboratories throughout die world, 
semicohductor/liquid junction sys¬ 
tems continue to show great promise 
as devices for solar-driven chemical 
reactions. 

N. SUBRAHMANAYAM 

Regional Research Lab. 

Hyderabad 


Utilising microorganisms to harness solar energy 


E very second the sun releases 
a vast amount of energy into 
space. The proportion of the energy 
reaching the surface of the earth is far 
greater than the energy consumption 
of all the countries of the world taken 
together during the same period. The 
world consumption of energy is over 
56 X 10'^ kvhj, which is equal to 
the solar energy received by an area 
of 22.000 km^ in a desert region. 
Such an area constitutes only 
0.005% of the surface of the globe. 
The solar energy can be harnessed by 
indirect methods such as tidal, 
geothermal and wind or directly 
through photosynthesis. The possible 
uses of solar energy for domestic 
purposes include house water 
heating, desalination of sea water, 
drying of fruits, vegetables or fish, 
refrigeration, and solar powered 
plants and solar cells. The other 
direct application of solar energy is 
photolysis by which electricity and 
Hj gas can be produced. 

Biological solar energy conversion 
produces renewable substrates with 
energy which is several folds the 
world's energy budget. Photosyn¬ 
thesis itself Fixes 2 X 10" tonnes of 
carbon with the energy content of 
3 X 10^' Joules, which is about 10 


times the present world needs and 
200 times the world's food energy 
consumption. 

Paradoxically, although much 
attention has been given to the 
propagation of biomass utilisa¬ 
tion. the crisis appears to have 
been provoked by the diminishing 
supplies of traditional fuel such as 
wood, dung and straw. It is estimated 
that these fuels comprise 90% of the 
total energy used in the non-OPEC 
developing countries.' 

In India it is estimated that 970 
million tonnes of wet weight of dung 
equivalent to 170 million tonnes of 
dry biomass is available annually. 
The energy available from dung is 
about 1227 X 70'2 BTU as against 
2933 X 10" BTU available presently 
through coal, oil and hydroelectric 
system. Another advantage of biogas 
is the availability of 3.04 million 
tonnes of N, 2.85 million tonnes of 
PjOj and 1.9 million tonnes of K 2 O 
as byproducts. 

The advantages in the use of 
biogas are many. It is easy to store 
for use at will. It is renewable and can 
be obtained using technology already 
available with the minimd energy 
input. It is ecologically inexpensive 
and free d* hazards and does not add 


S 


SCIENCE REPORTER 


470 


SEPTEMBER 1984 



to atmospheric COj. The problems 
in the use of plants as biomass are 
competition for land use. uncertainty 
of supply in the initial phase and 
fertiliser, soil and water requirements. 

Nevertheless considerable pro¬ 
gress has been made in the use of 
plants to improve biomass the world 
over. In Brazil, for instance, exten¬ 
sive sugarcane cultivation is under 
way for conversion to alcohol by 
fermentation. Blended with petrol 
this alcohol is used to run cars. In 
Canada, by 2025 about 409t> of 
transport fuel could be provided by 
methanol produced from biomass. In 
Australia, five species have been 
selected, namely, the euc.ilyptus, 
cassava, hibiscus, napier grass and 
sugarcane, as the most potential 
high-yielding crops for biomass 
production. 

Presently extensive work is in 
progress on the use of agricultural 
wastes such as straw, bagasse and 
other ceilulosic substrates not only in 
the cultivation of mushrooms, but 
also in the preparation of glucose, 
alcohol and single-cell protein by 
growing on them powerful cellulolytic 
cultures like Trichoderma reesei and 
Aspergillus terreus. 

In this connection in our labo¬ 
ratory at Goa we have successfully 
converted low protein containing rice 
straw into highly nutritive possible, 
cattle feed with the protein content of 
about 40%. Besides, the pre-treated 
straw has been successfully conver¬ 
ted into glucose and single-cell 
protein utilising the cellulolytic 
fungus Aspergillus terreus isolated 
from decaying timber in the brackish 
waters in Bombay. 

Although considerable attention 
has been given to the plant biomass 
programme, scant attention has been 
given to the fast-multiplying, less 
space-requiring and easily cultivable 
microorganisms. The role of micro¬ 
organisms as a tool for rural process-. 
ing has been established and the 
microbes have been deployed in the 
production of fuel, fibre, fertiliser, 
feed and food. The photosynthetic 


microorganisms are the most effi¬ 
cient in capturing solar energy and 
are important in diversifying agricul¬ 
ture from land to water and ocean 
farming. 

In Japan, the cultivation of marine 
algae has gained tremendous poten¬ 
tial. In the marine and brackish water 
habitats Chlorella species is used to 
grow zoo plankton which in turn is 
consumed by shrimps. Shrimps are 
grown directly on microalgae Skele- 
tonema costatum. Besides, oysters 
and clams are also grown on 
cultured diatoms and microalgae, 
fishes like Tilapia and silver carp are 
fed on cultured blue green alga 
Anabaena. Larger algal forms are 
considered as delicacies in Japan, 
China and far east countries. 

Experiments conducted at the 
Central Food Technological Rese¬ 
arch Institure, Mysore have shown 
that the microalgae Scenedesmus 
acutus and Spirulina plaiensis could 
be cultivated on a large scale and used 
as food and feed as they are rich in 
protein, essential amino acids and 
vitamins and their nutrient value is 
comparable to conventional foods. 

The growth of cyanobacier, green 
and purple sulphur bacteria, symbio¬ 
tic and non-symbiotic nitrogen fixers 
and other heterotrophic micro¬ 
organisms on renewable substrates 
waste waters, industrial effluents 
using solar energy not on'y enhance 
pollution control but improve bio¬ 
productivity and energy. 

The blue-green alga BG-7 has 
been found to produce 230 ^ moles of 
hydrogen per mg chlorophyll per 
hour from water which could provide 
energy upto 1000 kWh/month. 
This energy coujd be produced by 
growing the alga in a pond 1 meter 
deep with a surface area of 64 square 
meters. 

Although a considerable amount of 
work has been done on heterotrophic 
microorganisms like yeasts, fungi 
and certain bacteria for the pro¬ 
duction of single-cell proteins, 
organic acids, vitamins, antibitHics 
and hormones, the use of photo- 
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synthetic bacteria for harnessing 
solar energy and waste treatment is 
relatively a very recent field specially 
in India. 

It has now been shown that the 
.photosynthetic bacteria play an 
important role in purifying the indus¬ 
trial effluents in addition to their 
activities of nitrogen fixation as well 
as assimilation of carbon dioxide 
utilising solar energy. 

Rice plants to which photosynthetic 
bacteria had been applied showed' 
increase in number of grains per year 
and also an increase in their total 
weight. The use of these bacteria on 
tomato plants has been shown to 
increase their yield by 455%. There 
was also increase in the carotene and 
vitamin contents of their fruits. These 
bacteria supplemented in chicken 
feed at the level of 0.01%-0.04% 
were found to increase the egg laying 
rate of hens by 10%. 

During our investigation on the t^e 
of photosynthetic bacteria to harness 
solar energy and to purify sewage it 
was found that both the green and 
purple non-sulphur bacteria were 
efficient in lowering the B.O.D. 
(biological oxygen demand) of the 
sewage. Chlorobium limicola and 
Rhodopseudomonas sphaepoides 
isolated from the estuaries of Goa 
reduced B.O.D. of domestic sewa^ 
from the initial 300ppm-350ppm to 
20ppm over a period of 28 days. The 
untreated sewage control showed a 
reduction from 80 ppm to 180 ppm 
only. 

About 8% of the world fish pro¬ 
duction comes from aquaculture. 
Aquaculture, being a labour inten¬ 
sive industry, holds promise of 
employment generation in develop¬ 
ing ct.untries like liKiia besides uti¬ 
lising earth’s surface that has not 
been exploited systematically. In the 
cour»e of our study i.i Goa on fish 
TUap'ia mossambica, it was obser¬ 
ved that the ffsh fed with the photo¬ 
synthetic bacteria grew faster. Unfor¬ 
tunately research anddeveJIopment in 
smaller university centres have not 
been en<couraged. 
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The scope of use of photosynthetic 
bacteria in waste water treatment, 
aquaculture, agriculture and biomass 
production is promising. The results 
so far obtained from laboratory 
experiments should be extended to 


field trials and the results made avail¬ 
able to the society. 

JOF D'souza 
Centre for P C Instruction & 
Research, Bombay University 
Panaji (Goa) 403 001 


Antimalanals—development and synthesis 


T he use of cinchona bark dis¬ 
covered in the 16th century was 
perh^s the first specific remedy 
for malaria. But the demand soon 
became astronomical, resulting in 
stripping all the accessible South 
American forests of the material. 
During the II World War, Japan 
seized more than 90% of the natural 
resources of quinine leaving the rest 
of the world dependent on other 
sources for combating malaria. The 
production of synthetic antimalarials 
at that time was negligible compared 
to the annual world producinon of 
quinine (about 1,000,000 kg) and 
Germany was the only country which 
had shown some interest in synthetic 
antimalarials. 

Realizing the gravity of the situation 
and finding the high incidence of 
malaria in many of the battle areas, 
the medical division of the American 
armed forces initiated a programme 
for the chemoprophylaxis and 
chemotherapy of malaria in early 
forties. When the Americans entered 
the War, a dung called mopacrine was 
available for treatment of malaria. 
American chemical companies start¬ 
ed manufacturing the drug in quanti¬ 
ties large enough to meet the require¬ 
ments of the armed forces as well as 
the civilian population. During thLs 
prophylactic campaijin some dis¬ 
advantages associated with mepacri ne 
became apparent. These side cflocts 
and the effective propaganda by 
the Japanese that the drug render¬ 
ed men sterile made it very un¬ 
popular. 

At this time another antimalariai 
programme was initiated under the 
supervision of the American govern¬ 
ment to prepare more effective anti¬ 


malarials with fewer side effects. The 
search for superior antimalarials 
began, keeping in mind the presence 
of quinoline nucleus (Fig. 1) in the 
then known antimalariai drugs, 
quinine and mepacrine. The establi¬ 
shed activity of the 8-amino-quino¬ 
lines provides the additional 
rationale. The first of the synthetic 
antimalarials investigated in this 
programme was chloroquine. This 
compound was found to have 
excellent activity against avian 
malaria. About the same time, the 
German prisoners of war were found 
to possess a very effective anti-mala¬ 
rial drug identified as 7-chloro-3- 
methyl-4-(4-diethylamino-l -methyl- 
butylamino) quinoline called santo- 
quine. These facts provided the neces¬ 
sary impetus for the enhanced 
thrust in developing other 4-amino- 
quinoline compounds as antimalariai 
drugs. Several compounds have since 
been prepared having the 4-amino- 
quinoline nucleus with variations in 
nuclear substitution, carbon skeleton 
of the basic side chain and the nature 
of the terminal amine. 

Generally, variations among 
nuclear substituents seem to affect 
biological activity. Although many 
compounds have been examined, it is 
difficult to predict exactly what 
activity a given compound will have. 
However, certain generalisations 
can be made, viz, (1) the 7-halo-4- 
amino-quinolines are most active. 
Halogen in a position other than 7 
and dihalogen substitution consisten¬ 
tly reduce antimalariai activity more 
than toxicity; (2) variation of die 
basic side chain generally had little 
influence on the antimalariai activity. 
Chain lengths of 2-5 carbon atoms 
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SANTOQIJINF 


Fig. I 

were just about optimum; and that (3) 
variation among the terminal amines 
had little effect on biological .activity. 

After screening a large number of 
antimalariai drugs (about 14.000). 
which included pure compounds and 
natural products, chloroquine was 
found to be the most elTectivc and 
suitable drug for combating malaria. 


Clinical uses 

Malarial infections are cau.sed by 
intracellular parasites of the genus 
plasmodium. Among them the most 
important are P. falciparum, 
P. vivax, P. ovali and P. malarie. 
They are usually transmitted 
through mosquitoes. Plasmodia get 
into the human system and develop 
through sequential stages. A suitably 
warm environment is needed for 
the development of the parasites. 
The mode of action of the parasite 
depends on the type of plasmodia 
involved. For example, in P. 
falciparum infection, the mero/oites 
get into the blo<xl circulation and 
penetrate red blood cells. This 
cycle is repeated, causing clinical 
manifestations of the disease but can. 
however, be interrupted on develop- 
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ment of adequate host defence. In¬ 
fections caused by P. vivax and 
P. ovali have a more complicated 
development cycle. These infections 
usually affect liver cells and some¬ 
times show up immediately, but in 
other cases they remain dormant for 
extended periods of time resulting in 
clinical relapses. Antimalarial drugs 
act by affecting one or more develop¬ 
mental stages of Plasmodia species. 
Some of the currently used popular 
antimalarial drugs are quinine, 
mepacrine, chloroquine, pyrime¬ 
thamine, amodiaquine. pamaquin. 


pnmaquin and mefloquin. 

Synthesis of some important 
antimalarials 

Intensive and concerted research 
efforts on synthetic antimalarials cul¬ 
minated in several useful syntheses 
of chloroquine and amodiaquine. 
The major challenge involved in the 
syntheses of these two drugs was the 
industrial feasibility of the synthesis 
of the intermediate 4, 7-dichloro- 
quinoline. Several synthetic routes 
have been described in the chemical 
literature but most of them, except 
EMME route, have not found their 


application in the manufacture of the 
above drugs. In this route m-chloro 
aniline is condensed, with ethoxy 
methylene malonic ester (EMME)to 
give 7-chloro-4-hydroxy quinoline 
derivative which, through a sequence 
of reaction, is converted to 4, 
7-dichloro quinoline. 4, 7-dichloro- 
quinoline can be successfully 
converted to chloroquine and 
amodiaquine as shown in Fig. 3. All 
the steps are high yield.ing in this 
method and this is the most popular 
synthesis of chloroquine which has 
been fully exploited by industries. 


Table 1 


Antimalarial 

Measuring 

Unit 

Estimated Requirement 

Rate of 
growth % 

mi2-83 

1983-84 

1984-85 

Quinine 

kg 

10.650 

11,750 

12,900 

10 

Chloroquine 

MT 

335 

365 

400 

10 

Amodiaquine 

MT 

61 

70 

80 

IS 

Primaquine 

kg 

;580 

610 

•640 

5 

Mepacnne 

kg 

;'75 

395 

420 

5 


Tabh; 2 


Antimalarial 

Measuring 

units 

Production 

1981-82 

1980-81 

Chloroquine 

MT 

34.62 

43.2^1 

Amodiaquine 

MT 

23.15 

22.24 

Primaquine 
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AnUmciariai drugs in India 

Malaria is rampant in many of 
the South Asian countries, especially 
India. Chloroquine and amodiaquinc 
are the two most widely used anti- 
malarial drugs in India. Quinine from 
the natural source is also used to 
some extent. Table I illustrates the 
demand situation of the antimalarial 
drugs in India. Among these anti- 
malahals. chloroquine and amodia- 
quine are made indigenously to a 
certain extent, whereas the demand 
for primaquin is met totally by 
imports. Table 2 gives the details of 
production. These figures indicate a 
large gap between the demand and 
l^oduction of chloroquine, the 
widely used antimalarial. The gap is 
being met by imports. 

Conclusion 

An enormous input has gone into 


the discovery and development of 
effective drugs for the treatment of 
malaria. However, resistance of 
plasmodium strains against given 
drugs poses a serious threat. Another 
problem which has added a new 
dimension is the varying propor¬ 
tions of resistant strains to suscepti¬ 
ble strains, depending on the geogra¬ 
phical location. Because of this, the 
choice of the antimalarial will vary 
from country to country and may 
change with time in any given area. 
Drug combinations and scquentials 
seem to reduce the resistance 
problem. 

A. S. Radhakrishna C. Gundurao 
B. B. SsiNOH & S. P. Bhainagar 
R. <fc D. Centre 
Reck ill Colman of India Ltd. 

Hosur-635 126 


Bamboo—the tree grass 


B amboos are plants of great 
economic importance to the 
people in several parts of the world, 
but nowhere is their usefulness as 
great as in Asia. Bamboos are used 
for house construction, mats, baskets, 
fencing, tool handles, toys, musical 
instruments, furniture making, pipes, 
handicrafts, paper making, fuel, food 
and fotkier. In fact, uses of bam¬ 
boo are limitless and it is indeed 
difficult to imagine what the people in 
Asia would do without it. Bamboos 
have age-old connections with the 
common pepole, hence aptly called 
the “poor man’s timber”. The 
strength of bamboo culms, their 
straightness, light ness combined with 
hardness, range in size, abundance, 
easy propagediota coupled with fast 
growth, and cnrly maturity make 
them suitable for a variety of pur¬ 
poses. It has been estimated that one- 
third of immani race uses bamboo in 
some way or other. In short, bamboo 
finds its use from the cradle to the 
coffin. 


Distribution 

Bamboos have a tree-like habit, 
>et they are members of the grass 
family Gramineae, hence are-called 
the tree grasses. They occur mostly 
in natural vegetation of tropical, sub¬ 
tropical and temperate regions of the 
u/orld, although in great abundance in 
l.ropical Asia. There are about 
1.250 species of bamboos under 75 
igenera. The countries rich in 
bamboos are Bangladesh, Burma, 
China, India, Japan, Malaysia, 
Philippines, Srilanka and Thailand. 
Bamboos also grow in Bhutan, 
Korea, New Caledonia, Papua New 
Guinea, etc. 

Bomboos vary greatly in size, from 
small to towering poles as high as 35 
metres as in the case of giant 
bamboo, Dendrocalamus giganteus 
(Fig. 1). They have erect, jointed and 
generally hollow cylindrical stems, 
though, a few of them are climbers 
At young age they are covered by 
sheaths. With the advancement of 



Fig. 1. A clump of giant bamboo Dendro- 
calamus strictus 


maturity sheaths gradually fall off. 
Normally, all bomboos are green 
except a few having golden colour. 
They can grow almost everywhere : 
from the sea-level to the snowlines, 
however they flourish most in hot, 
humid forests. 

Cultivation 


Bamboos are generally propagated 
vegetatively, although they are best 
raised through seeds. Seedlings are 



Fig. 2. Bamboo clumps showing gragafteut 
flowering 
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raised in nursery beds in drills and 
allowed to develop for a year after 
which they arc transplanted in the 
field. In bamboos seeds are rarely 
available, that is why they are 
propagated through rhizomes, offsets 
or culm cuttings. In rhizome planting 
l-ycar old culm with roots are dug 
up, cut to about a meter high and 
planted during the rainy season. 
Vegetative pro'pagation of bamboos 
is an age old method and is prac¬ 
tised in India, Bangladesh and 
Burma. While planting the pieces, 
the workers should take extra 
care not to injure the junction of the 
culm and rhizome. They should be 
planted as soon as possible after 
being dug. Irrigation is necessary 
after planting. 

Natural regeneration of bamboos 
also takes place in the forests by 
seeds or by sprouts from rhizomes. 
Growth of young shoots is very 
fast in some species and can grow 
as fast as 0.6 m to 1.0 m a day. Once 
a forest officer kept his hat on a 
shoot and forgot to collect it. When 
he returned to collect it the next day, 
he could not reach the hat from the 
ground. The shoots grow to full size 


in about 2 months time. The culm 
sheaths remain attached for the 
whole year and then fall off gradually. 
The shape and size of sheaths vary 
greatly among the species and are 
effectively employed in bamboo 
identification. Normally it takes 
around 10 years for non-clump 
forming species to reach harvesting 
size, but the time is shorter for clump 
forming types. 

Flowering 

Most bamboos flower only once in 
their life-time and die soon after 
(Fig. 2). Bamboo flowering is a 
mystery to scientists. Probably 
they have an inbuilt alarm clock, 
when it is set to go off at a particular 
time, all population of a species 
raised from a single seed source will 
start flowering no matter where it is 
situated. Even a few months old 
young shoots will flower along with 
the old ones. Once a population of 
bamboo, raised from the same seed 
source in Efehra Dun and Cidcutta 
1500 km apart and with totally 
different climatic conditions, started 
flowering simultaneously. The 
flowering cycle generally varies from 
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7-120 years, in some, dte interval is 3 
years or so and a few may even 
flower annually. Some bamboos, 
however, have rarely been observed 
to flower. 

The exact cause of bamboo flower¬ 
ing is not known. It is believed that a 
short rainy season followed by a long 
spell of hot weather promotes 
flowering. That is why perhaps 
bamboo flowering has been associated 
with superstitions like it is an 
indication of famine or epidemic. It 
has also been associated with an 
increase in rat population. It can be 
explained on the basis that gregarious 
flowering of bamboos produces 
enormous seeds which are eaten by 
rats and their reproductive cycle is 
short, within a short period there will 
be millions of young ones. The 
result is that the rat population 
reaches an astronomical figure in a 
small area. 

Bamboo as food 

The succulent shoots of many 
bamboos are highly nutritious and 
palatable. In India, Bangladesh and 
Burma shoots are used in pickles and 
curries. In Thailand shoots are eaten 
fresh, pickled and dried forms. In 
the Philippines bamboos are culti¬ 
vated for shoots. In Taiwan, shoots 
are processed, canned and exported 
and millions of dollars are earned. In 
Japan also bamboos are cultivated 
for shoots. Generally shoots are 
collected when they are about 4cm- 
7cm long. In Korea, at a managed 
bamboo farm, it has been possible 
to collect about 10,000 kg shoots 
per hectare. Harvesting is done' 
only once a yesa. Research on 
taste of shoots is also carried out 
Shoots of most bamboos are 
edible, however around 26 species 
are generally used for the purpose. In 
India, bamboo shoot farms are yet to 
be established, althou^ it has 
potential of earning foreign exchange 
from bamboo shoots. Besides shoots, 
seeds of many bamboos are used as 
food by human beings especially 
during famine. Birds and rodents also 
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I'ig. 4. B<imt>iHi culms stacked for transport 


eat bamboo seeds in large quantities. 

Bamboo in India 

India is very rich in bamboo 
resources. With about 22 genera and 
136 species, it is one of the largest 
resources of bamboos, perhaps next 
only to China with 26 genera and 300 
speceis. The areas particularly rich 
in bamboos are Arunachal Pradesh, 
Assam. Manipur, Meghalaya, 
Mizoram, Nagaland, Sikkim, Tripura 
and West-Bengal. Other areas rich in 
bamboos are Andamans, Baster 
region of Madhya Pradesh and 
Western Ghats. A few bamboos are 
also found in other parts of India both 
in the hills and plains. The important 
genera are Anmdinaria, Bambusa, 
Cephalostachyum, Chimnobam- 
busa, Dendrocalamus, Dinochloa, 
Gigantochloa, Indocalamus, Melo- 
canna, Neohouzeoua, Ochlandra, 
Oxytemnthera, Phyllostachys, 
Pseudostachyum, Sehizostachyum, 
Semiarundinaria, Sinobambusa, 
Teinostachyum and Thamno- 
calamus. 

Bamboos cover an area of 9.57 
million hectares or about 12.8% trf 


the total forest area of the country. 
The annual output is estimated at 
about 3.23 million tonnes, which is 
one-fifth of the country's total wood 
production. More than half of the 
production is consumed by the paper 
and rayon industries alone. Nearly 
80 paper mills depend wholly or 
partly on bamboos as they are the 
only long-fibred resources easily 
available to the industries. Bamboos 
therefore constitute one of the most 
important renewable natural 
resources of the country, but they are 
not being utilized to the maximum. 
Of nearly 136 species, only about 10 
are being commercially exploited. 
They are Bambusa arundinacea, 
B. balcoa, B. tulda, Dendrocalamus 
hamiltonii, D. slriclus, Ochlanacea, 
B. balcoa, O scriptoria and O. 
travancoriea. The bamboo industries 
in India are in their infancy, espe¬ 
cially in the handicrafts sector. But 
India leads the Asian countries in the 
utilization of bamboo for paper 
manufacture. Like paper industries, 
bamboo-handicrafts industry also 
requires to be developed to the fullest 
extent so that bamboos can be used 


for maximum benefit of the common 
people. 

The Forest Research Institute 
Dehra Dun. has the richest collection 
of bamboos in India. It has about 35 
species conserved in several arboreta 
and are being investigated with 
multidisciplinary approach, e.g.. 
taxonomy, breeding, limber engi¬ 
neering, silviculture, pulp and paper 
technology, etc. Bamboo seeds, 
when available, are supplied by 
silviculturists to the states and 
persons interested in raising bamboo 
plantations. 

Research 

In the past bamboo research 
in India was concentrated on 
Dendrocalamus striclus, because 
of its importance in paper industry. 
Research is in progress on evolving 
suitable methods of seed storage, 
identification of bamboos on the 
basis of culm sheath, clonal trials, 
etc. India now plans to establish 3 
major centres of research and deve¬ 
lopment for bamboos : one in Assam, 
one at Dehra Dun, one in Kerala. 
Previously distant crosses between 
bamboo and sugarcane were attempt¬ 
ed; this is again being considered. 
The research on priority basis in 
bamboos includes : raising bamboo 
germplasm banks for conservation, 
breeding high yielding varieties, 
propagating bamboo by tissue culture, 
undertaking trials on irrigation and 
fertilizer application. evolving 
effective methods of storage, and 
initiating research on bamboo culm 
preservation. Research may also 
be taken up to grasp the techniques of 
promoting or inhibiting flowering to 
evolve hybrid varieties. Bamboos 
should also be included as one of the 
species in social forestry pro¬ 
grammes. 


M.S. Haque 
Development Officer (Forestry) 
fVorli, Bombay-400018 
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Can fly-ash be used as micronutrient carrier ? 


C OAL is undoubtedly the prime 
source of energy in India. It has 
been estimated that, to meet the 
increasing energy demand, our coal 
.production may have to be raised 
from 100 million tonnes per year 
(1980) to 400 million tonnes by the 
turn of the century. Much of this coal 
is being used in thermal power plants 
for generation of electricity. At 
present 60 per cent of electricity. At 
India is being generated by such 
plants. While energy is the brighter 
side of coal combustion, pollution of 
environment is the darker ispect of 
I this process. 

The amount of fly-ash (an 
amorphous ferro-alumino silicate) 
produced by burning of coal in 
ilicrmal plants is enormous; at 
present it is dumped in low lying 
areas near power plants Because of 
the presence of several natural 
elements (numbering 54) and being 
alkaline, application of fly-ash 
on land has a marked effect on soil 
physico-chemical properties from the 
(xiint of view of crop production. 
Various studies conducted in India 
and abroad have indicated that 
application of fly-ash to soil reduces 
the bulk density and increases water 
^holding capacity of soil mixtures. 
Surprisingly, while this decreased 
bulk density made the soil more 
prone to wind erosion, the increase in 
water holding capacity did not 
produce any significant increase in 
plant-available water. In certain 
tascs. the cementing nature of fly-ash 
results in water-logging which could 
be overcome by better agronomic 
practices. 

Perhaps the limiting factor in fly- 
ash utilisation on land are unfavour¬ 
able changes in the soil's chemical 
equilibrium affecting its pH, salinity 
and levels of certain toxic elements. • 
As a result of hydrolysis of calcium 
and magnesium oxides in ash. pH of 
soil increases. Prof A.L. Page of 
California has observed that by 
application of fly-a i to soil at a rate 
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of 8% by weight, pH of calcareous 
soil increased from 8.0 to 10.8, 
whereas that of acidic soil increased 
from 5.4 to 10.0. Should then appli¬ 
cation of fly-ash be recommended for 
reclamation of acid soils ? No, 
because by reducing acidity there 
emerges deficiency of nutrients like 
phosphorus, zinc and copper while 
molybdenum, selenium and'boron 
contents increase to levels toxic to 
plants. 

Inspite of these drawbacks, there 
are reports of increase in dry matter 
yields of crops like alfalfa, wheat and 
paddy grown on fly-ash amended 
soils. But the increase in yields is due 
primarily to correction of either 
macro- or micro-nutrient deficiences. 
Of the essential plant nutrients, con¬ 
centrations of sulphur, molybdenum 
and boron in plant tissues have been 
shown to increase consistently with 
ash application to soil. Even concen¬ 
trations of non-essential trace 
elements—aluminium, selenium, 
arsenic, barium, vanadium, etc.— 
consistently increased in plant 
tissues with ash application. 

Yields of several crops were found 
to increase by addition of fly-ash by 
weight to soil. Increase in yields were 
attributed to the correction of 
nutrient deficiencies of sulphur in 
plants. But increase in yield of rice 
grown on fly-ash amended soils was 
attributed to decrease in toxicity of 
aluminium and manganese brought 
about by the neutralizing action of 
fly-ash. Because nitrogen content in 
fly-ash is usually nil and its phospho¬ 
rus content is quite insoluble, these 
nutrients should be added to sustain 
goC'd growth where fly-ash is applied. 
In certain cases, inconsistency is 
observed regarding the uptake of 
potassium, calcium and magnesium 
by plants. This is due to the inter¬ 
action of these elements rather than 
any other factor. The micronutrients 
such as manganese, zinc, copper and 
iron from fly-ash are not consistently 
available to plants. Increase of 
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alkalinity is the main cause of 
nutrient deficiencies. 

While application of fly-ash 
reduces availability of certain plant 
nutrients, there are certain elements 
which are available in concentrations 
beyond toxic levels. Of importance 
are boron,molybdenum and selenium. 
Ehie to neutralizing action of flv-ash, 
high fly-ash inputs to soil could 
increase molybdenum in forage v ops 
to levels potentially toxic to animals 
feeding on it. It may result in a 
disease called ‘molybdenosis’ of the 
animals. Similar is the role of 
selenium in animal nutrition. Small 
amounts of molybdenum and 
selenium are essential to animal 
nutrition. But continued consum¬ 
ption of forage with elevated 
molybdenum and selenium contents 
may induce physiological disorders 
in animals. Boron in fly-ash is also 
readily available to plants ; in fact, 
several scientists consider boron to 
be a major factor limiting successful 
cropland utilization of fly-ash. 
Although cadmium, fluorine, 
mercury, nickel and berellium are 
also considered potentially hazardous 
to animals, elevated levels of uptidte 
by plants grown in fly-ash affected 
soils have not been demonstrated. 

If lands are to be used for fly-ash 
disposal, application rates should be 
balanced between environmental 
impacts and economics of waste 
disposal. Massive applications 
usually lead to nutrient toxicity and 
increased salinity. But coal ash, used 
in conjunction with high carbonaceous 
materials such as sewage sludge, peat 
and animal manures, can be safe. 

SUDHIRENDAR ShARMA 

M. iH. Fulekar 
&D. S. Naik 
School of Environmental Sciences 
Jawaharlal Nehru University 
New Delhi-110 067 


Proteolytic enzymes 
from plant latex 

ROTEOLYTIC enzymes are 
tools which have been used in 
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medicine and industry for hundreds 
of years. Several proteolytic 
enzymes have been isolated fram 
plant latices. Latex is a milky fluid 
present in the specialized cells 
(latifers) of the plants. Latex has 
been found in more than 12000 plant 
species. Apocynaceae, Asclepia- 
daceae, Asteraceae, Caricaceae, 
Euphorbiaceae. Moraceae and 
Sapotaceae are the m^or families of 
latex-bearing plants. The most 
important proteolytic enzymes, 
papain and chymopapain have been 
obtained from the latex of Carica 
papaya. Other proteolytic enzymes 
from latex are : ficin from Ficus 
carica and some other species of 
Ficus, calotropain from the latex of 
Cahiropis gigantea and C. procera, 
and asclepain irom Asclepias specio- 
sa. The above mentioned enzymes 
have been isolated in crystalline form. 
Proteolytic enzymes occur in the 
latices of several other plant species 
also. 

Papain 

Commercial papain is a mixture of 
several enzymes and is isolated from 
the latex of the green fruits of Carica 
papaya. High quality papain is crisp 
and creamy white. It is a typical 
protein digesting enzyme and is 
active over a wide pH range. It 
catalyses hydrolysis of peptide 
bond in a protein molecule and 
also has the milk clotting activity. 
Activity of the papain is lost above 
70C. 

Chymopapains 

Three types of chymopapains 
(chymopapain A, B and C) have 
been obtained from papaya latex. 
Chymopapains have the same milk 
clotting activity as papain but their 
protein digesting activity is lower. 
Peptidase A and B, isolated from 
papaya latex are also proteolytic 
enzymes but are less reactive than 
papain. Glutamine cyclotransferase 
and lysozyme have also been isolated 
from the latex. 


Ficin 

Ficin is a loose term used to 
designate the crude latex of Ficus 
species as well as the purified pre¬ 
parations obtained from it. Proteolytic 
activity is exhibited by many Ficus 
species. The most specifle activity is 
present in the latex of F. stenocarpa, 
F. carica and F. glabrata. Ficin 
resembles papain in most of its 
properties. It catalyses hydrolysis of 
a number of natural and synthetic 
substrates. 

Calotropins 

The latex of Calotropis gigantea 
contains calotropins DI and DII and 
calotropains F I and F II and poss¬ 
esses strong proteolytic activity. The 
enzyme calotropain with marked 
proteolytic activity has been isolated 
from the latex of C. procera. The 
enzyme is more active than papain, 
ficin, etc. 

Uses 

Papain finds wide use in food 
industry for tenderizing meat and in 
the brewing industry for making 
“chill-proof’ bear. In USA it is used 
in the manufacture of chewing gum. 
It is used extensively in degumming 
natural silk when it is mixed with 
rayon or woollen fibres for weaving. 
It is also used in cosmetics, dental 
pastes, and leather industry for 
bating hides and skins. Papain, 
chymopapain and ficin are well- 
known milk clotting enzymes and are 
used in making cheese. 

The latices of C. papaya, Calotro¬ 
pis and Ficus showed anthelmintic 
properties. The latices of F. carica 
and C. papaya have been found to be 
effective against dog ascaris. Papain 
exhibits anthelmintic action on 
Haemonchus contortus in sheep. 
Cabtropain showed anthelmintic 
activity against the common patho¬ 
genic worms of sheep and goats and 
has been found to be more active than 
phenothiazine. Presence of blood 


anticoagulant facUH- has been repor¬ 
ted in the latices of C. papaya, C. 
procera, F. carica and some other 
plant species also. Calotropain also 
possesses anticoagulant property. 
Papain is used in medicine as a 
protein digestant, for combating 
dyspepsia and other digestive dis¬ 
orders. It is used ir *he treatment of 
bleeding piles, -rs, diphtheria, 
chronic and infantile diarrhoea, 
various skin lesions including 
eczema and ringworm, certain 
types of infertility and slou^ing 
of wounds. The latex of F. carica 
has been found to possess inhibi¬ 
tory action on transplanted and 
spontaneous tumors of mice. Papain 
and calotropain also show anti 
inflammatory activity. 

Rajiv Gupta 
Wealth of India Section 
Publications & Information 
Directorate. Hilside Road 
New Deihi-110 012 


Guayule—a rubber- 
yielding plant 

G uayule (pronounced 
Why-00-Lee) means literally 
the plant from which balls are made. 
When the Spanish first came to 
America they found the Aztecs play¬ 
ing football with a ball made from 
this natural elastomer by “smoking” 
it. A native of semi-arid regions of 
North Central Mexico and Southern 
Texas, this blue-flowered plant, 
botanically known as Parthenium 
argentatum, was found to contain 
10% to 20% rubber, which is in 
every respect equal to the hevea 
rubber. 

The First World War forced the 
Americans to start the Emergency 
Rubber Project (ERP) to manufac¬ 
ture rubber from guayule. One thou¬ 
sand scientists and 9000 workers 
were employed and 15 tons of rubber 
was produced per day. But the ERP 
project was abandoned in 1943, after 
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the great success of synthetic rubber. 
The world oil crisis of early 1970s 
put the synthetic rubber industry 
tinder great strain because it 
depended on petroleum for its raw 
material. Increased petroleum prices 
resulted in a steep increase in the 
price of synthetic rubber and conse¬ 
quently natural rubber prices rose to 
keep pace with the synthetic rubber 
prices. With demand outstripping 
supply, and the long growing cycle of 
the rubber tree makes it impossible to 
increase production quickly. Eccmo- 
mic experts have forecast a world¬ 
wide shortage of more than 500,000 
tons of Hevea rubber within 10 


years. Rubber from the guayule plant 
might help in countering the anti¬ 
cipated shortage of natural rubber. In 
India, guayule can be cultivated in 
desert conditions as obtained in 
Rajasthan and Punjab. Just as the 
Hevea rubber tree, originally a native 
of Latin American countries got 
established well in Kerala, Srilanka, 
Malaya and other places having 
uniformly distributed rain forests, 
guayule from the American deserts 
can also thrive well in the Indian 
desert areas. Working on this clue, 
the Central Arid Zone Research 
Institute in Jodhpur, and the 
National Botanical Research Insti- 
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tute in Lucknow, are raising the plant 
on an experimental basis and 
envisage a large scale planting 
programme shortly. 

Guayule is usually propagated by 
nursery grown seedlings. It grows 
. upto about Im high and requires little 
water. It is amenable to genetic 
improvement and can be harvested in 
two or three years time. It can live for 
30 to 40 years or even more under 
desert conditions where i ainfall may 
be less than 250 mm. It can be 
harvested on rotational basis every 2 
to 6 years, and like all arid region 
plants needs a great deal of sunli^t 
and low night temperature. A two 
year-old plant produces aticast 10% 
rubber by dry weight. With chemical 
stimulants rubber production can be 
increased at early stages of growth to 
as much as 300%. 

It has been found that the freshly 
harvested shrub can be successfully 
processed for recovering its rubber. 
In guayule, the rubber hydrocarbon 
is suspended in latex as in other 
rubber-bearing plants. However, the 
latex in guayule is not borne in long 
tubes or ducts but are found in single 
cells principally in the cortical 
tissues, medullary rays and in the 
pith. Since they are not inter¬ 
connected, the latex cannot flow 
readily from one cell to the next. 
Therefore, unlike in Hevea where the 
rubber is collected by tapping, the 
whole plant is harvested in case of 
guayule. Harvesting can also be done 
by pollarding, or rattooning. This is 
done by lopping off the tops of the 
plants, leaving the crown and root 
system intact which would permit 
successive crops of rubber from the 
same plant and eliminate the cost of 
re-establishing plantations after 
harvests. 

Mill yield of rubber from the 
freshly harvested latex is generally 
high, but the method of preparing 
the shrub influences recovery of 
rubber hydrocarbon. When the shrub 
is conditioned and stored under 
conventional methods of large-scale 
cqjeration, the yield of rubber hydro- 


SEPTEMBER I9S4 


479 


SCIENCE REPORTER 



SCIENCE SPECTRUM_ 

carbon decreases, with increasing 
storage time. After harvest the raw 
material should be transported to the 
processing unit immediately, as they 
do not keep for long, or else the 
processing unit should be located 
near the Held. 

Chemical extraction of rubber can 
be done by maceration of plant 
material by organic solvents, such as 
benzene or toluene. As the yield of 
rubber by this method is very poor, 
this has been replaced by mechanical 
method which consists of crushing 
the plant materials to separate cork 
and rubber by adding pebbles and 
water in the mills. After de-corking, 
the rubber is sheeted out on rolls to 
remove a large part of water after 
which the product is considered 
ready for the market. Present day 
extraction methods are only a modi¬ 
fication and improvisation of the 
mechanical process. 

Crude guayule rubber contains' 
little or no natural antioxidant or 
preservative, as does the tree rubber. 
Therefore, they are treated with anti¬ 
oxidants and preservatives before 
marketing. 

Chemically the rubber hydro¬ 
carbon molecule from guayule is the 
same as Hevea rubber and the crudes 
have been used for everything from 
over-shoes to adhesive tapes. 
Guayule rubber has excellent tack 
and adhesive properties and has been 
found to be useful in the manufacture 
of plied articles, such as footwear, 
belting, hose and other mechanical 
goods where adhesiveness to fabrics 
is essential. Guayule rubber 
vulcanises like Hevea rubber and has 
the nature and tack crucial for tyre 
manufacture. Experimental radial 
tyres containing 30% to 40% of 
guayule rubber produced in America 
have passed all U.S. Department of 
Trasportation high-speed and 
endurance tests. 

Guayule also yields byproducts 
like high quality rubber-free wax 
from leaves and useful resins. The 
plant may even provide its own 
fuel; bagasse, the pulpy residue left 


after extraction of rubber is a good 
energy source. 

An important point in favour of 
guayule is its ability to grow well in 
arid and marginal lands. Hevea, on 
the other hand, requires fertile land 
and a humid climate which limits the 
possibility of expansion of its culti¬ 
vation. Another advantage with 


guayule is that it is a shrub and comes 
to commercial production in about 
three years. It is easy to handle since 
no tapping of latex is required and the 
whole plant can be processed for 
rubber. y viswanathan 

Scientist Publications & 
Information Directorate 
New Delhi-110 012 


Prosopis juliflora (Swartz) DC 
—a ftiel tree for sodic soils 


S CARCITY of firewood has be¬ 
come a severe problem, no less 
severe than the scarcity of oil which 
brought about an energy crisis with 
alarming suddenness in 1973. It is 
not widely appreciated that wood is 
the fourth largest source of energy 
after coal, petroleum and natural gas. 
More than one quarter of world 
population depends on firewood and 
its derivative charcoal for cooking 
and heating. In rural India, an 
average consumer bums 0.5m-’ wood 
a year. Even this modest consump¬ 
tion, under increasing demographic 
pressure, has resulted in a dangerous 
imbalance between requirements and 
available supply of firewood. The 
shortfall in firewood production by 
2000 AD is estimated at 137 million 
tonnes. Considering that firewood, 
far from being overtaken by other 
energy sources, is likely to remain the 
principal fuel in rural areas, an array 
of technological solutions has been 
suggested to augment supply of fire¬ 
wood. Creation of new resources of 
firewood is one of the options consi¬ 
dered consonant with the potentia¬ 
lities and constraints of our economy. 
It is estimated that, at the existing 
level of contributiem of wood to 
energy supplies, 34 million hectares 
of firewood plantations would be 
needed to meet the projected demand 
of firewood for the year 2000. 

The concept of firewood planta¬ 
tions appears attractive if applied to 
saline and sodic soils which are un¬ 
suitable for traditional agriculture. 
They constitute a large potential 
source of land for fuelwood planta¬ 


tions. However, a major constraint in 
utilizing these soi s is that only a 
limited number of alkali tolerant 
species can be grown. There is 
paucity of experience with cultivation 
of trees and shrubs explicitly for fire¬ 
wood on saline and alkali soils. 

The woody biomass plantation 
research underway at Biomass 
Research Centre of the N.B.R.I. 
began in 1981 as part of a broad 
spectrum elffort of examining plants 
for biofuel production Various 
aspects of producing firewood bio¬ 
mass such as species selection, pro¬ 
duction, potential, nutrient accumu¬ 
lation, fuelwood characteristics, etc. 
arc being studied. Eleven tree 
species, selected on the basis of rapid 
growth rate, case of establishment, 
ability to resproiK from cut stumps, 
and tolerance to high levels of soil 
exchangeable sodium, have been 
planted over an area of 10 hectares. 
The site soil is characterized by poor 
permeability, high pH (9-10), low 
electrical conductivity (430 mmhos/ 
cm-995 mmhos/cm), and is under¬ 
lain by a layer of calcium carbonate 
concretions at a depth of one metre. 
Prosopis juli/lora (Swartz) DC, a 
tree native to Central America and 
northern South America grows 
remarkably faster than the other 
species, having attained a height of 
3.3 metres and diameter of 3.1 cm in 
two years. Individual trees have 
grown as much as 5 cm in diameter 
and 6 metres tall. It has suffered very 
low mortality and shown excellent 
adaptability to the harsh environ- 
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Prosopis julijlora. Two-year old biomass plantation on sodic soil 


merit of alkali soils. The fact that it 
grows successfully in situations 
where most other forest tree species 
would succumb testifies to its 
remarkable adaptability. In Kutch, a 
zone of high salinity, erratic scanty 
rainfall, rocky hills and sandy plains, 
Prosopis juliflora has been highly 
successfuk 

Historically. Prosopis juliflora 
has been used for fuel in all countries 
where it is cultivated. In the semi- 
arid regions of the world much of the 
fuciwood comes from natural stands 
of either Acacia or Prosopis. In 
World War II, wood was used to 
powci steam locomotives and indus¬ 
trial boilers. Prosopis juliflora wood 
is hard and heavy (density 0.82), 
bums with a calorific value of 18.7 
MJ/kg. Analysis of wood samples 
from trees growing on sodic soils has 
shown that the wood is siliceous, has 
0.36 per cent nitrogen, 31.7 per cent 
cellulose, 39.5 per cent lignin and 

9.6 per cent pentosans. High density 
and lignin content impart high heat of 
combustion of the wood. Proximate 
analysis shows 2.8 per cent ash, and 

19.6 per cent fixed carbon. The wood 
is reported to yield charcoal of gun¬ 
powder quality and is termed 


“arthracite coal" for its high calorific 
value. The rootwood is very hard, 
has little sapwood and is highly 
prized by chefs for barbecues as it 
burns with little smoke, imparting a 
fine llavour to the meat. 

Prosopis julijlora appears to be 
one of the most suitable species 
as fuel planation on sodic soils 
because of its tolerance of unfavour¬ 
able levels of soil exchangeable 
sodium, rapid early growth, freedom 
from insect predation and fungal 
infection, high regeneration potential 


W ITH the rapid development 
of scientific technology, 
courts all over the world are being 
called upon to decide about the use of 
scientific evidence. It appears that in 
many cases the attempt to use such 
evidence succeeds, thus, striking a 
new line of approach or permitting 
fresh avenues for inquiry in the 
search for truth. Generally speaking, 
courts in the past did not respond 
very quickly to scientific advances or 
technological progress. They were 
found to be somewhat hesitant in 
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and high heat of combustion. Its 
coppicing ability would obviate the 
need for replanting the site for 
successive plantations. Prosopis 
juliflora grows exceptionally fast. It 
is an aggressive invader forming 
dense spreading thickets. In Andhra 
' Pradesh, millions of poor people earn 
their livelihood by cutting down 
Prosopis plants around their 
dwellings and on wa.stcland.s for 
disposal as firewood. 

Limited work to date on pi'antation 
grown Prosopis shows that seedlings 
are exceedingly variable in ^^rowth 
and production. This may be attri¬ 
buted to an outcrossing brei^ding 
mechanism. 

Prosopis juliflora is reported to 
reduce salinity and alkalinity of t he 
soil after prolonged (Xicupation. Tl.te 
soils beneath Prosopis trees show' 
increased nutrient availability. Data 
from 2-year-old biomass plantations 
oi Prosopis julijlora at Banthra show 
higher concentrations of organic 
C and N in the upper 3 cm layer of 
the soil in the root zone of the tree. 
The tree growth had no significant 
effect on soil pH. Prosopis species 
are able to fix their own nitrogen. 
This makes them all the more useful 
for semi-arid soils which are poor in 
nitrogen and organic matter. 

S.D. Khanddja 
National Botanical Research 
Institute, Lucknow 


giving judicial recognition to such 
advances until the matter had been 
tried over a sufficiently long time, so 
as to eliminate any chances of error. 
However, of late, the response of the 
courts has been found to be quick and 
newer types of scientific evidence are 
increasingly being given recognition 
in the courts. 

Video tapes 

Most interesting developments 
have taken place after the invention 


Video in the courtroom 
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of television and video. Video tapes 
have been very useful in facilitating 
identification in criminal cases. In 
one of the cases in England, theft of a 
bottle from a shop was recorded on 
video tape. From the video tape, a 
security officer recognised the thief 
as D. At the tnal. the security officer 
gave evidence to the effect, and the 
jury also saw the tape. D was con¬ 
victed of theft and his appeal was 
dismissed. The appellate court held 
the evidence to be admissible. Of 
course;, the weight of such evidence 
woul'J depend on the circumstances. 
The English Court of Appeal has 
gone to the extent of holding that 
as.'iuming the validity of a video tape 
is not challenged, there is no distinc- 
ti.on to be drawn between the 
evidence of identification of one who 
has observed the tape and the 
evidence of one who has observed the 
event recorded on the tape. 

Traditionally, courts adhere to the 
“best evidence” rule. But the recent 
tendency is to admit all relevant 
evidence. For example, K was con¬ 
victed of taking part in a public 
disturbance with a large number of 
other youths. He had been recognised 
by a prosecution witness from a BBC 
television news programme. At his 
trial, the prosecution relied on a 
video cassette, as it was the policy of 
the BBC not to allow originals of 
their films to leave their premises; 
K called no evidence and was 
convicted. He appealed on the 
ground that this was not the best 
evidence, which was the original film. 

v.’us held, dismissing K's appeal, 

'the justices had been satisfied 
■ : the cassette was a true copy of 
tiic film, and the evidence was 
sufficient to support a prima facie 
case. 

In 1982, a well-known producer 
had to enter into litigation with some 
firm, which had undertaken not to 
: sell illicit video cassettes. The pro¬ 
ducer suspected that even after the 
undertaking, illicit sales were still 
going on. He placed “trap orders” 

, with the firm and the firm tried to 
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explain how further illicit cassettes 
were sold. The question arose whe¬ 
ther all this could be given in 
evidence. The Court held that the 
plaintiff was not debarred from 
relying on the purchase, merely 
because his agents had “trapped” the 
firm. 

Video and film 

A person who agrees to act only for 
a video cassette can legally claim that 
the performance should not be distri¬ 
buted as a film. On this reasoning, an 
actress could successfully sne a film 
producer, and film distributor for 
distributing, as a film, a cinemato¬ 
graph film where she had, by her 
agreement, limited her consent only 
to appearing in a video cassette. 

Television sets in hotels 

The provision of television in hotel 
rooms created problems in Sweden 
whose Supreme Court has recently 
held that the provision of radios and 
television sets in hotel bedroom 
constitutes, for copyright purposes, a 
"performance in public” where the 
hotel rtxims are normally freely 
available to the public on payment of 
a hire charge. 

Photofit pictures 

One finds even “photofit” pictures 
figuring in criminal courts. These are 
pictures made after a crime and try to 
reconstruct, as far as possible, the 
physical features of the offender by 
eye witnesses. The pictures are later 
used for tracing the culprit. A photofit 
picture of the robber, made by an eye 
witness of the robbery, was recently 
used to confirm the identification of 
the culprit made by another witness. 

The computer 

Detection of theft is sometimes 
helped by computers. An accused 
person was convicted of handling 
stolen metals. The prosecutor had 
relied upon records in the processors’ 
possession of the chemical composi¬ 
tion of the consignment from which 
the relevant metals were alleged to 
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have been stolen. The records were 
copies of figures from computer 
print-outs, supplied by chemists. The 
computer had been programmed to 
make calculations from ratios fed 
into it to produce metal percentage. 
Similar tests were carried out on the 
metal handled by the accused (using 
the computer) to show that the metal 
had the same composition. It was 
held that the computer was being 
used as a calculator and was not 
contributing its own knowledge. The. 
print-outs were not “hearsay”, but 
real evidence. Proof depended on the 
testimony of the chemist and the 
relevance of the material depended 
on the chemist's testimony, testi¬ 
mony of the programmer and other 
expert evidence. 

Telex and the law of contracts 
In the law of contracts, one comes 
across the question of the develop¬ 
ment of telecommunications and its 
impact on the principles of contract. 
The precise question that has arisen 
is, at what place, and at what time, is 
a contract concluded, when the 
contract is by telex ? It has been held 
that where telex communication is 
instantaneous, a contract is con¬ 
cluded at the place where, and at the 
time when, the acceptance of the 
offer is received by the offeror. Of 
course, where the communication by 
telex is not instantaneous, as for 
example, where the message is sent 
out of office hours or through a third 
party’s telex machine, the question of 
the time and place of formation of 
contract (so made by telex) can be 
resolved only by reference to the 
intention of the parties, by sound 
business practice and. in some cases, 
by judging where the risk should lie, 
and not by applying a universal rule. 
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MEDICAL NOTES 


Control of poliomyelitis 
apd 

vaccination 

P OLIOMYELITIS is an infec¬ 
tious disease epidemic and 
endemic throughout the world. It is 
caused by one of three types (1 ype I, 
II & III) of an ultra-microscopic 
enterovirus. It is principally an 
infection of the human alimentary 
tract but may affect the central 
nervouysystem resulting in irreversi¬ 
ble flaccid paralysis. Man is the 
source of infection. The usual mode 
of transmission is the “faecal-oral 
route”. The incubation period (time 
between infection and onset of 
disease) is about 7-14 days. 

In the noji-immunc the virus can 
cause a generalised disease which 
can be divided into three parts—an 
initial incubation period, a prcxiromal 
non-paralytic stagehand a definitive 
paralytic illness. Only a small pro¬ 
portion of those infected ever become, 
ill however, and less than half of 
those who become ill ever become 
paralysed. It is estimated that for 
ev^ry clinical case there will be 
atleast 100 sub-clinical infections. 


the health system. An assessment of 
this system has revealed that only 
15% or so of cases occurring are 
detected and reported. If this 
correction factor is applicable to 
India, the number of cases in 1982 
must be atleast 99,000. 

However, in the developed coun¬ 
tries, the disease has been success¬ 
fully controlled and in some countries 
the incidence has reached zero 
(Table 2). The age of onset of the 
disease in the developed countries is 
higher, and in Europe unimmunized 
adults are affected more commonly 
than children. 

Forecasting the disease trend 
(Fig. I) 

It is becoming apparent in develop- 
inig countries that as the infant morta¬ 
lity falls below 80 per thousand, due 
to a general improvement in health 
and sanitation, paradoxically the 
likelihood of epidemics of polio 
recurring increases. This is because 
the polio virus is normally endemic in 
most of these countries and, there¬ 
fore, most children are infected with 
the virus during infancy when they 
are still protected with a high circula¬ 
ting level of maternal antibodies. 
They therefore acquire immunity to 
the disease without becoming para¬ 
lysed as the maternal antibodies give 
them adequate protection against 
paralysis. As health and sanitation 
of a community improves, children 
are less likely to get sub-clinical 
infections as infants, and may 


^HipM^^ected instead for the first 
time at the age of 1 or 2 years or even 
much later when they have lost their 
maternal antibodies and protection. 
They will therefore be susceptible to 
para'ytic poliomyelitis. and 
epidemics will become more frequent. 

In communities with an even 
higher degree of hygiene, the age of 
acquiring the disease and immunity 
is much later.At present in Eur rpe 
and North America only one-thiro f 
all new polio cases are under the age 
of five. No less than one-third are 
over 15 and one-third between the 
ages of 5 and 15. 

PoHovaccines 

Poliovaccination is once again in 
the news. There are two types of 
vaccines available: an inactivated 
(killed) poliovaccine-IPV or Salk 
vaccine and the other live attenuated 
(rendered safe) Oral Polio Vaccine- 
OPV or Sabin Vaccine. In 1955. 
Jonas Salk announced th^ develop¬ 
ment of his effective poliovaccine. 
Between 1953 and 1957, Sabin 
developed his vaccine. He thorough¬ 
ly testeld his vaccine on monkeys and 
humans including himself and 
members of his family. Both the 
vaccines proved to be safe and 
highly effective. Though safe and, 
effective vaccines have been avail¬ 
able for the past 20 years, it is 
unfortunate that poliomyelitis 
continues to be a major public health 
problem in most countries of the 
world. 


Table I. Problem of poliomyelitis in some developing countries 


Geographic distribution 

Country 

Mean annual number 
of cases reported 

\iiinbi'i of cases reported 

The disease mainly aflects child¬ 
ren under five in the developing 


1971-75 

1976 80 

I9S() 

1981 

1982 

countries in the tropics and sub- 

1. India 

9162 

14611 

15470 

19743 

14974 

tropics and the disease still rages 

2. Pakistan 

1073 

1243 

1039 


259 

unabated and. in some instances, it is 

3. Egypt 

1828 

1053 

2006 

1605 

2086 

actually increasing (Table 2). The 

4. Turkey 

445 

297 

182 

289 

19 

261 

262 

data available from many of these 
countries arise mostly from routine 

5. Nigeria 

6. Kenya 

384 

290 

601 

407 

816 

455 

reporting systems which depend on 

.Data not available 






the provision of reports from within Source; WHO—Weekly Epidemiological Record, 16 December. 198.1 
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Fig. I. Electron micrograph of polio virus 


Vaccines controversy 

The World Health Organization 
(WHO) currently recommends OPV 
for use in its expanded program of 
immunization (EPl) and it has been 
widely used in India. Endemic polio¬ 
myelitis has almost been eliminated 
in several countries with either 
OPV (e.g„ the USA) or IPV (Fin¬ 
land, Sweden). There is no clear 
consensus about which type of vac¬ 
cine is more effective, although most 
people would favour OPV because of 
its perceived ability to confer greater 
herd immunity. The contrary view 
that IPV exerts a profound herd 
immunity effect has been thoroughly 
reviewed and presented by Darell 
Salk. 

Once the endemic poliomyelitis 
.was brought under control in many 
countries, health economists took 
note of the rare adverse effects of the 
prophylactic vaccination. The alien 
uated virus of OPV was considered 
.s verting to ncurovirulence and it 
became established in a human 
population. Occasional cases of 
paralysis after the use of live vaccine 
(OPV). whether coincidental or attri¬ 
butable'. were long recognized, and in 
1969 the WHO sponsored a study of 


this problem. It lasted over 10 
years conducted in 13 countries. The 
results revealed that the rate of acute 


I. Live attenuated virus. 

2 Administered orally as "Drops" 

3 Induces both intestinal (local) and humoral 
(circulating) antibodies. 

4. Prevents intestinal infection by wild 
poliovirus. 

5. Highly effective in controlling epidemics. 

6. Cheap (about SO paise per dose) 

1. One of the most heat-sensitive vaccines. 


persisting paralytic poliomyelitis 
with Sabin-like strains varied from 
0.5 to 3.4 cases in recipients per 
million children. 

Another concern about the use of 
OPV in tropical countries is the poor 
levels of seroconversion (about 78% 
after 3 doses) despite the use of 
vaccines of adequate potency. 
Reasons attributed to this include 
breaks in the cold-chain, interference 
with intestinal Infection by other 
enteroviruses, presence of non¬ 
specific inhibitors in saliva, or other 
unknown factors. But Sabin pointed 
out that, where compaigns have been 
massive and sustained, results with 
OPV have been impressive, for 
example, in Brazil. 

However, several small-scale 
investigations, in tropical hs well as 
in temperate climates, have shown 
better and more consistent serocon¬ 
version rates with IPV than with 
OPV. Lately, the potency of killed 


Killeil formalised virus 

Given intramuscularly or subcutaneously 

as an injection 

Induces only circulating antihcxlics 

Does not prevent intestinal infection h\ 
wild strains. 

Not helpful in controlling epidemics 
Expensive-about 10 tunes costlier than 
OPV. 

Relatively heat-stable 


Table 2. Poliomyelitis situation in some developed countries 


Country 

Mean annual number 
of cases reported 


Number of cases reported 

1971-75 

1976-80 

1980 

1981 

1982 

1 Australia 

2 

1 

0 

0 


2. Denmark 

0 

0 

0 

1 


3. Finland 

0 

0 

o 



4. Japan 

5 

0 

2 

“ 2 

1 

5 Sweden 

0 

0 

0 

0 


6. U.K. 

8 

5 

2 

3 


7. U,S.A. 

15 

16 

9 

7 

7 


.... Data not available « 

Source : WHO^Weeklv Epidemiological Record, 16 December 1983. 


Table 3 

Sabm vaccine (OPV) Salk vaccine (IPV) 
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Fig. 2. A cross-section of the spinal cord in 
the lumbar region showing destruction by 
poliovirus. The gray matter of a large area in 
the left anterior hornIA) has been complete- 
^ destroyed which would lead to paralysis 
W the left leg. The right anterior horn shows 
partial degeneralion(B). (Frobisher and 
Fuerst’s Microbiology in Health and 
Disease, Fourteenth Edition, W.B. Saunders 
Company, Philadelphia) 

poliovaccine has been improved and 
large-scale manufacture has been 
established by Merieux in France. 
This vaccine can be used in a two- 
dose schedule (interval six months) 
and produces excellent seroconver¬ 
sion; indeed, Jonas Salk argued that 
a single dose was sufficient to 
establish immunological memory 
and probably lifelong immunity. 

In this connection it is also to be 
noted that in countriel^ where polio- 
i^yelitis is endemic, there are large 
number of children having inapparent 
(or subclinical) infection with polio¬ 
virus and, any undue physical stress 
and injury particularly the injections, 
are known to provoke an attack of 
paralytic poliomyelitis (provocative 
poliomyelitis). This has been 
reported following even DPT (Triple 
Vaccine) injection. Hence, any addi¬ 
tional injections including the IPV 
are likely to increase the risk of 
provocative poliomyelitis. This risk, 
though may appear theoretical, needs 
lo be considered for practical quanti- 
Hcation.while evaluating the effective¬ 
ness of IPV in the field. If the IPV is 
incorporated in the DPT and given 
as a “Quadruple vaccine” (as in 
Canada & Holland) the additional 
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risk of provocative poliomyelitis is 
eliminated. 

Problems of poliovaccination in 
India 

At present the OPV is wholly 
imported and even after three 
decades of independence, it has not 
been possible to manufacture this 
life-saving vaccine in the country. 
Under the national EPl programme, 
OPV is administered to infants from 
the 3rd month in 3 doses of monthly 
intervals and a booster dose is given 
at IH years to 2 years of age. In 
urban areas the vaccine is provided 
through hospitals, maternity homes 
and health centres, and in rural areas 
through primary health centres. 
Besides, many voluntary organiza¬ 
tions have periodically helped in 
organizing immunization camps. 

Despite the availability of 
adequate quantity of OPV, vaccina¬ 
tion coverage is about 42% of the 
proposed target. However, this is not 
due to poor acceptability of the OPV 
but due to other factors which 
include (1) ignorance about the 
availability of the vaccine, (2) in¬ 
convenient scheduling of the 
vaccination services, (3) inadept 
handling of the vaccine logistics by 
the health staff, (4) poor mobilisation 
of community participation in 
immunization services, (5) poorly 
developed and frequent breaks in the 
cold-chain system, and (6) lack of 
initiative and drive on the part of the 
health staff to adapt vaccination 
strategies to suit situations and 
achieve targets. Besides other 
factors, like frequent power cuts, 
which in many parts of the country 
have become almost a daily feature 
would adversely affect potency of 
heat-sensitive vaccines which is 
normallv stored in refrigerators in 
PHCs.' 

The current situation of polio- 
vaccination i§ not very encouraging 
and now efforts are being made to 
ensure success of poliovaccination 
programme. 
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Introduction of Salk vaccine in 

India 

In view of some of the above 
considerations, UNICEF has sponso¬ 
red field study to introduce the new 
“high potency” Salk vaccine in India. 

Till the results of the above study 
are known, it should be remembered 
that the OPV is still one of the safest 
vaccines in use and has the recomm¬ 
endations of the WHO, 

Feasibility of global poliomyelitis 
eradication 

At the international symposium cm 
poliomyelitis control held in March, 
1983 in Washington, the possibility 
of eradicating polio on a worldwide 
basis was considered. A few deve¬ 
loped countries have accomplished 
local elimination, but only by achiev¬ 
ing and maintaining a very high rate 
of immunization. 

The problem of eradicating polio¬ 
virus is considerably different from 
that of smallpox. Poliovirus is more 
readily communicable, causes in¬ 
apparent infection more often than 
not. and immunization, particularly 
with IPV. while conferring long- 
lasting immunity to disease, does not 
prevent the infection of gastroin¬ 
testinal tract. Furthermore surveill¬ 
ance can be complicated by the fact 
that, without laboratory investigation, 
other causes of paralysis can be diffi¬ 
cult to distinguish from polio. The 
temperature sensitivity of OPV, the 
considerable cost of IPV and the 
need to give it parenterally, pose 
practical problems that need to be 
surmounted if global eradication is to 
be considered. 

WHO considers that a practical 
and feasible goal is worldwide 
control of paralytic polio within this 
century, but global eradication 
should not be abandoned as the ulti¬ 
mate goal. 

M.K. Sudarshan 

Assistant Professor, Community 

Medicine. Kempegowda Institute 
of Medical Sciences 
Bangalore 560 004 
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Friedrich Bergius— 
a versatile scientist 


B orn a hundred years ago, 
Friedrich Bergius was the man 
who was to score many a first in 
developing man-made substitutes for 
naturally occurring substances—coal, 
petrol, sugar and meat. 

Karl Rudolph Friedrich Bergius 
was bom on llth October 1884 at 
Goldschmieden, near Breslau in 
Germany. His father. Heinrich 
Bergius, was head of a chemical 
factory in Goldschmieden. It was but 
natural that Bergius was attra¬ 
cted towards chemistry from a 
very young age. After passing high 
school in Breslau (now Wroclaw, 
Poland), Bergius went on to do a 
practical metallurgy course in the 
laboratory of a foundry in Ruhr. 
When he was nineteen, he joined 
the University of Breslau to study 
chemistry. Bergius then moved to 
Leipzig for higher education and 
obtained his doctorate in 1907 from 
Leipzig University. 

Few scientists in the world could 
boast of a tutelage as distinguished as 
Bergius’. After securing his docto¬ 
rate he worked with Nemst at 
Nemst's Institute in Berlin and later 
under the illustrious chemist. Haber, 
the man after whom the process of 
manufacture of ammonia is named, 
at Karlsruhe in 1909. Here Bergius 
learned the use of high pressure 
methods in ammonia synthesis: later 
in the same year, Bergius went to 


Hanover to become a lecturer at the 
Institute of Technology. There 
he had the opportunity to work under 
Bodenstein. 

During the early part of his long 
research career, Bergius worked on 
chemical transformations under high 
pressure. Initially he was interested 
in the transformation of wood into 
coal under high pressure and high 
temperature. He developed a process 
which yielded coal by carbonization 
of peat and cellulose. This man-made 
coal was similar in many respects to 
the natural one. 

Bergius's work in the succeeding 
years, 19) 2-13. was on high pressure 
hydrogenation of coal and oil. It was 
about this time that Bergius became 
interested in the origin of petroleum 
and developed a process which was 
later known as the Berginization 
process. This process yielded world’s 
first synthetic crude oil. The method 
was to hydrogenate coal dust under 
pressure, higher than 20 mega- 
newtons/m^, and convert it to oil 
without the formation of inter¬ 
mediates. This synthetic crude oil 


T he bird kingdom has many 
members within it which are 
strange and peculiar in many ways. 
The penguins are a case in point. 


could be refined into petrol, tar and J 
li^t oils. Along with John Billwiller,^ 
Bergius was granted patent for this 
process in 1913. As this process was 
found to be industrially feasible, the 
patent rights were later acquired by 
I.G. Farbenindustrie, Standard (%1, 
and Imperial Chemical Industries. 
During World War II, Hitler’s 
Germany used his method for oil 
production. 

After World War II, Bergius 
pioneered the development of 
synthetic foods, especially sugar and 
cattle feed. Bergius and HSgglund 
developed a process by which 
complete hydrolysis of wood cellu¬ 
lose by concentrated hydrochloric ^ 
acid yielded dextrose (sugar), and') 
after transformation ethyl alcoheJ, or 
another secondary product which 
could be used as cattle feed. In 1946, 
Bergius came out with an ingenious 
method for preparing ‘synthetic meat’ 
from wood. 

In 1931, Bergius and Carl Bosch 
shared the Nobel Prize for chemistry 
for their contribution to the “invention 
and development of chemical high- 
pressure methods’’. Bosch had deve¬ 
loped an industrial process for 
nitrogen fixation and his methods 
were finding applications in 
ammonia industries. 

It became difficult for Bergius to 
live in Germany in the post-World. 
War II years. He founded a company 
in Madrid, Spain and in 1947 became 
Scientific Adviser to Agrentine 
government. 

Bergius, whose chemical processes 
helped industries both inside and 
outside Germany, the latter probably 
more, died on 30th March 1949 in 
Buenos Aires, Argentina. 

S.N. Venkatramanan 
New Delhi 


They do not fly, but are excellent 
swimmers. On land they can get by 
with an entertaining sort of waddle. 
Penguins feel thoroughly at home in a 


About penguins 





Fig. I. (a). The courtship ritual 


climate that humans find it in¬ 
hospitable. 

The Antarctic Ocean is as much a 
sea of birds as it is of whales. The 
entire Antarctican land too is 
dominated by penguins, so much so 
that the continent can be named as 
“Penguin’s continent”. Upright stance 
and waddling gait make them the 
most lovable of birds. Penguins are 
flightless birds, yet, they have a 
t^trongly keeled breast bone and 
powerful flight muscles. The wings 
are modified into flippers which help 
them swim easily, or rather literally, 
fly in water. The long spindle-shaped 
body has legs which are inserted far 
back so that they are most effective 
as dftrs and steering organs. The tail, 
as a steering rudder, is streamlined 
and triangular. Further their webbed 
feet help them m swimming in a most 
efficient way. 

These birds are confined only to 
the southern hemisphere, and the 
miyoijity of the species inhabit the 
cold Antarctican continent. However, 
some species are found even upto the 
equatorial region (Galapagos Islands) 
c-g., Galapagos penguin. Unlike 
most other flightless birds, penguins 
are very sociable and live in large 
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groups running into many thousands. 
Some species of penguins are 
exceptionally large, reaching upto a 
hight of about 1.22 m (emperor 
penguin) and weighing upto thirty 
kilos or even more. The smallest 
penguin known today is the ‘little 
penguin’, reaching a height of 40 cm 
and weighing about two kilos. 
However a fossil of an early penguin 
is reported to weigh about 120 kilos. 
Totally 17 species have been des¬ 
cribed from lower Eocene to the 
beginning of the Miocene period 


SCIENCE FOR THE YOUNG 
(about SS-2S million years ago). 

Penguins belong to the order: 
Sphenisciformes and family : Spheni- 
scidae, within which are six genera 
and eighteen species (according to 
some authors, sixteen). The second 
largest penguin (after emperor 
penguin) is the king penguin,standing 
about 95 cm high and weighing 
around 15 kilos. Though the king 
penguin is shorter than the emperor 
penguin by only 10 cm, it weighs just 
about half of emperor penguin. 

The bodies of these birds are 
uniformly covered with water-proof 
plumage, except for the brood patch. 
The colour of the plumage is brightest 
Just after moulting. At first glance, 
penguins seem to be only black and 
white, but a closer examination 
reveals plumage surprisingly varied 
and colourful. The colours fade as 
they grow older. The plumage, to¬ 
gether with a 2 cm -3 cm thick subcu¬ 
taneous fat beneath the skin, helps 
them keep effectively insulated 
against the coldest environment on 
earth. Moulting in penguins can be 
called ‘catastrophic moulting’, where 
all feathers are shed at a time. 
However, the old coat is pushed 
away only after the new feathers 
emerge from beneath. Because 
penguins are flightless, a complete 
moulting is no hazard to them. 

Penguins are very clumsy on land 
but very agile underwater. They need 



Fig. I (b). Adelie iPygoscelis adelia) 
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only an occasional fast flip to the 
surface to get air. and as they 
progress by porpoising upto about 
27.5m and then shooting into the air in 
an arc of 2. i 3m-2.43m to vanish again 
With hardly a rippie. Most penguins 
dive head first, but ’rock-hopper' 
penguins make an awkward entry 
into the water by jumping with their 
feet first. On land or on ice. penguins 
walk with an upright posture, although 
in soft snow they slide on their 
bellies, or move by tobogganing on 
their chests while pushing with their 
wings and feet. On ice, adelie 
penguins can travel as fast as a man 
can run. Their food mainly consists 
of Antarctican krill, Euphausia 
superba, which are in plenty in that 
continent. Species living in places 
other than in Antarctica cat fish, 
squids, and crustaceans. Black¬ 
footed penguins takfe about half a kilo 
of fish per day. This species takes 
about 5 million kilo of fish per year 
from South African waters during 
the 185 days of the breeding season. 

Penguins breed in huge colonies, 
some are reported to have as many as 
one million birds in a single rookery.- 
They build their nests in open areas 
by making small burrows, or nests 
built with pebbles, plant twigs and 
other materials. The courtship ritual 
(Fig. la) in penguins can be called 
‘penguin dance', in which head shak¬ 
ing, diving and mutual presenta¬ 
tion of waterweeds that serve as 
nesting material is often seen. This 
might have evolved from displace¬ 
ment nesting behaviour, initially 
produced by the conflict between 
hostility and sexual attraction. The 
female emperor penguin lays only 
one egg in a season, whereas others 
lay 2-3 eggs. The incubation period 
lasts from 33 to 62 days. During this 
period, the male bird incubates the 
egg by placing them on and inbetween 
their feet with a loose fold of skin of 
the belly covering the eggs to give 
sufficient heat to the growing chick 
inside the egg. The male birds usually 
do not feed during the incubation 
period, but female penguins wander 


to collect food. As soon as the chick, 
is hatched, both the partners take 
care of their young. Freshly hatched 
young are covered with a sparse, 
downy coat and are carefully brood-' 
ed until at the age of six to ten days 
after which chicks can lead a relatively 
more independent existence. At the 
end of one year, the chick moults. 
They can begin breeding after two 
years of age. 

An adelie penguin in its crowded 
Antarctic rookery would recognise 
its mate by voice when it returns 
after an absence of months. Chicks 
also respond to their parents' voice 
even when mixed up with thousands 
of other birds. An interesting feature 
of emperor penguins is that these 
birds are respected by other species 
in the locality, and they lord it over 
the others . Sometimes one can see a 
single emperor penguin controlling 
a group of king penguins. Perhaps 
this behaviour along with their larger 
size got them the name ’emperor’. 
Compared to other penguins, the 
’rock-hoppers' are silly looking birds, 
with their puffed chains and tufts of 
feathers on either side of their head, 
and look half scared and half impish. 
They are very aggressive birds. 
When other penguins try to disturb 
them from their nests, they attack 
fiercely. 

Very little is known about the mig¬ 
ration of penguins. However the 
migration of adelie {Pygoscelis 
adeliae) penguin (Fig. lb) has been 
studied. They are known to migrate 
upto 1920 km. They travel almost 
straight acros's a featureless landscape 
and are believed to be aided by a 


T he term revolving number was 
first used by the famous Indian 
mathematician Shakuntala Devi for 
the number 142857 because any 
multiple fron 1 to 6 of this number is 
obtained by revolving the number 


’clock' and 'compass' mechanism-f 
working in combination. They travel 
3.2 km-4.8 km per hour and the fastest 
one may even travel 12.8 km per hour. 
Moving in a line, a long journey made 
both through water and on ice. they 
may take two full weeks to cover upto 
160 km. When they finally reach 
their goal, the long lines of penguins 
break-up and each male immediately 
stakes out his claim for a piece of 
land to build his nest. Then he selects 
a female who usually remains faithful 
to him. 

Unlike many other species of birds, 
penguins have been relatively less 
hunted by man. This is mainly due to i 
the fact that their natural habitat i^<' 
much more inaccessible than the 
breeding and living areas of birds that 
have been hunted to the verge of 
extinction. The situation may change 
if the present plans of many countries 
to establish mining centres on the 
Antarctica are realized. Even the few 
penguins which migrate to places 
near human habitation find life most 
insecure. The continued existence of 
penguins as a friendly and amusing 
birds of the Antarctic thus depends 
largely on whether man will leave 
them to themselves, alone on the 
Antarctic. 

H. Shanmukhappa 
School of Environmental Sciences 
Jawaharlal Nehru Universify 
New Delhi-110 067 

V.S. Chandrasekaran 
Centre of Advanced Study in 
Marine Biology 
Porto N 0 V 0 - 6 OS 502 
Tamil Nadu 


142857 itself. For example, 

142857 X 1 = 142857 
142857X2 = 285714 
142857X3 = 42857 l,etc. 

But 142857 is not unique in this 
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Revolving numbers and 
revolving pairs 
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revolving property though it is the 
smallest revolving number known. It 
also has a drawback in that the 
revolving property is not exhibited 
when multiplied by 7. 

Other revolving numbers found by 
author with the help of a calculator by 
trial and error and adjustments are 
very big numbers necessitating labo¬ 
rious multiplications but the results 
are fascinating—the digits always re¬ 
appearing one after another as if from 
a magic box in a perfect continuous 
anticylic order without any break. 

Consider the 16 digits number 
1176470588235294 = Say X for 
^^convenience. Now, 

X X 1 = 1176470588235294 
X X2 = 2352941176470588 
XX 3 = 3529411764705882 
X X4 = 4705882352941176 
X X 5 = 5882352941176470 
XX6 = 7058823529411764 
XX 7 = 8235294117647058 
X X8 = 9411764705882352 
XX 9 = 1.0588235294117646 

The last one is a 17 digit number. If 
we convert it into 16 digits by adding 
the first digit from left (i.e. 1) to the 
rest, for example, if we add 1 to 
058823529411764§. we get 
1 0588235294117647. All the multi-, 
pies of X when converted to 16 digits 
is a revolving form of X itself. 

Again consider any number 
obtained by revolving X such as 
6470588235294117 = Say X, for 
convenience. Now. 

X,X1= 6470588235294117 
X, X 2 = 1.2941176470588234 

- 2941176470588235 
X, X 3 = 1,9411764705882351 

- 9411764705882352 
X, X 4 = 2,5882352941176468 

-* 5882352941176470 
X, X 5 =3.2352941176470585 
2352941176470588 


X,X 6 = 3,8823529411764702 
-* 8823529411764705 
X, X 7 = 4,5294117647058819 

- 5294117647058823 
X, X 8 = 5,1764705882352936 

- 1764705882352941 

X, X 9 = 5,8235294117647053 

- 8235294117647058 

Similarly, all the other revolving 
forms of X can be shown to have the 
same property. 

Or consider the 18 digit number 
1052631578944736842 = Say Y. 
Now, 

Y X 1 = 105263157894736842 

Y X 2 = 210526315789473684 

Y X 3 = 315789473684210526 

Y X 4 = 421052631578947368 
YX 5 = 526315789473684210 

Y X 6 = 631578947368421052 

Y X 7 = 736842105263157894 

Y X 8 = 842105263157894736 

Y X 9 = 947368421052631578 

Again consider any number 
obtained by revolving Y. say 
789473684210526315 and call it Y, 
for convenience. Now. 

Y| X 1 = 789473684210526315 
Y, X 2 = 1.578947368421052630 

and converting to 18 digits 

-578947368421052631 

Y, X 3 =2.368421052631578945 

-368421052631578947 
Y, X 4 =3,157894736842105260 
-157894736842105263 
Y, X 5 =3.947368421052631575 

- 947368421052631578 
Y, X 6 =4,736842105263157890 

- 736842105263157894 
Y, X 7 =5.526315789473684205 

- 526315789473684210 
Y, X 8=6.315789473684210520 

- 315789473684210526 
Y, X 9 =7.105263157894736835 

- 105263157894736842 

All the other revolving forms of Y 
have the same property which can be 
easily verified. 
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Such numbers as X or Y above are 
pure revolving numbers of which 
142857 is the smallest known. There 
is another type of revolving numbers 
which come in pairs and can be 
termed as revolving pairs. Consider 
the pair 153846 and 230769 Say P, 
and Pj for convenience. 

P, X 1 = 153846, P, X 2 = 3076/> 
which is a revolving form of P 2 . 
P 2 XI =230769, Pj X 2 = 461538 
which is a revolving form of P,. 

P, X3 = 461538, PjX 3= 692307 
P, X 4 =615384, Pj X 4 = 923076 
P, X 5 = 769230, P 2 X 5 - 

1,153845 

- 153846 
(converting to 6 digits) 

P, X 6 = 923076 
P2 X6= 1.384614 

- 384615 

P, X7= 1,076922 

- 076923 
P2 X 7 = 1,615383 

- 615384 
P, X 8 = 1.230768 

- 230769 
PjX 8 =1,846152 

- 846153 
P, X9 = 1,384614 

- 384615 
P 2 X 9 = 2,076921 

-* 076923 

So we see that any multiple of 
P, or P 2 when converted into 6 digits 
is a revolving form of either P, of P 2 . 
Also, for any particular multiple ^ 
P, and P 2 , one is a revolving form of 
P, and the other of P 2 . 

Another revolving pair is 
129032258064516 and 

193548387096774 which can be 
verified with a little labour. 

A.K. Sahu 
Consulting Engineer 
Calcutta-700 OSS 
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Science quiz (Biology) 


SCIENCE FOR THE YOUNG 


F or twentysix questions given 
in this quiz, give appropriate 
answers in one or two words in an 
alphabetical sequence; 

1. A plant whose name is similar to 
a bone. 

2. A name of a place in Australia 
from where a team of English 
naturalists made huge collec¬ 
tions of plants during a voyage in 
1768. 

3. A desease allied to haemophilia 
caused by hereditary deficiency 
of clotting factor IX. 

4. A plant economically important 
as a stimulant improving the 
tone and rhythm of heart beat. 

5. A name of the ship in which Sir 
Joseph Banks, an English bota¬ 
nist and a Fellow of the Royal 
Society of London made explo¬ 
rations of South Sea Islands. 

6. An Italian anatomist and a 
teacher of William Harvey, 
whose observations indicated 


the presence of valves in veins. 

7. A living fossil with bilobed 
leaves belonging to gymnos- 
perms. 

8. It is the botanical name of plant 
yielding rubber. 

9. A protein effective against most 
viruses. 

10. A part of the small intestine 
lying between duodenum and 
ileum. 

11. A person with XXY sex 
chromosomes appearing to be 
male, but with large breast, small 
genitalia, atrophied testes and is 
sterile. 

12. The flower associated with 
Indian National Film Award. 

13. The five bones of the hand lying 
between the wrist and the fingers. 

14. A large meat eating plant 
commonly found in Assam. 

15. A large naked, immoveable, 
female egg of an alga. 

16. A desease of infants thought to 
be resulting from mercury 
poisoning. 


17. An ecological term relating to ^ 
limited sample area from which 
total plant count are made. 

18. A largest sized flower pollinated 
by elephants. 

19. A plant having a name similar to 
a country. 

20. A plant having salt excreting 
glands. 

21. A pyrimidine base not found in 
deoxyribonucleic acid. 

22. A flying mammal which feeds on 
the blood of living animals and 
men. 

23. A smallest angiospermic plant. 

24. A pupil of mathematician 

Pythagoras who identified fossils , 
of water animals and gave the >*,' , 
proof that mountains were at one ‘ 
time under water. 1 

25. An illness, caused by arbovirus i 
and spread by a mosquito, not 
found in India. 

26. A famous book written by 
Erasmus Darwin, grandfather 
of Charles Darwin. 

M.P. Jain 
Department of Botany 
Ramjas College, Delhi 
(Ans. to quiz on page 497) 


THERMONUCLEAR POWER (Continued from page 452) 


Van Nostrand Co., Inc, USA. 

7. Bishop, A.S., Controlled Rele¬ 
ase of Thermonuclear Energy, 
Nature, Vol 181, No. 4604, 
January 25, 1958. 


8. Bishop, A.S., Controlled Fusion, 
Nucleonics, Vol. 15, No. 9, 
December 1957. 

9. Hahn, Otto, Discovery of 
Fusion, Scientific American, 


Vol 198, No. 2, 1958. 

10. Bennet, W.H., Phy. Rev., 45. 

(1945), p. 890. ' 

11. Tonks, L..Phy. Rev., Vol, 56, 
p. 360, (1939). 


NEUROLOGICAL ENDOCRINOLOGY (ContinuedJmm page 447) 


order of neuroendocrine reflex there 
iirc .such chains of endocrine organs 
I* iwcen the central nervous system 
the target organs. The signifi- 
c.v.icc may lie in the amplifying 
capacity of endocrine organs coupled 
in series, in which each puts out a 
consecutively stronger signal. The 
last one is adequate to arouse the final 
target organ to change from a 
quiescent to an active state. The possi¬ 
bility of feedback mechanisms 
existing at similar levels i,s also noted. 
Fig. 5 illustrates, by a way of 


summary, the various possibilities of 
hormonal integration within an 
organism. 

Further reading 

1. Prosser, C.L., Comparative 
Animal Physiology. W.B. 
Saunders Co., London, (1973). 

2. Turner, C.D. and Bagnara, J.T.. 
General Endocrinology, W.B. 
Saunders Co.. London. (1976). 

3. Highnam. K.C. and Hill. L.. The 
Comparative Endocrinology of 

4<N) 


Invertebrates, E.L.B.S.. and 
Edward Arnold Pub. Ltd..{ 1979). 

4. Gorbman. A. and Bern, H.A../( 
Text Book of Comparative Endo¬ 
crinology. John Wiley, New York 
(1962). 

5. Scharrer, E. and Scharrer. B.. 
Neuroendocrinologv. Columbia 
Univ. Press New York and 
London (1963). 

6. Tombes. A.S..y4M Introduction to 

In vertebrate Endocrinology, 

Academic Press. New York and 
London (1970). 
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Kerosene wick stoves 
—A comparative 
study 

F uels used for cooking 
depend on their availability, 
costs, convenience, economy and 
efficiency. The major domestic fuels 
used for cooking are firewood, char¬ 
coal, cattle dung, kerosene, gas and 
electricity. Of these, kerosene is the 
most common fuel tised both by 
urban and rural homemakers. 

L. Phadnis and M. Kango (1970) 
of University of Udaipur reported 
that 21 per cent of homemakers in 
Udaipur used kerosene, while 50 per 
cent and 3 per cent used gas and 
charcoal respectively for cooking. S. 
Saundarariti (1973) of Queen 
Mary’s College, Madras, pointed out 
that kerosene is commonly used in 
India because it is cheap and con- 
veniet to use. Study conducted by S. 
Das (1968) of Madras University, 
revealed that 30 per cent to 52 per 
cent of homemakers felt that kero¬ 
sene was easy to light, economical 
and convenient to handle. 

However, National Council of 
Research in India (1959) reported 
that out of 242 answers, only a few 
favoured kerosene because of cheap¬ 
ness, but exclusive use of kerosene 
was thought to be expensive by the 
m^ority. 

A number of kerosene stoves are 


available in market; selection of a 
stove is based on its efficiency and 
ease of operation and safety. Wick 
stoves are safe to use and easy to 
operate. However the efficiency may 
vary with the amount of kerosene and 
number of wicks. Results of the 
experiment conducted by P.R. 
Sumangala (1978) of Bangalore 
University indicated that efficiency 
of kerosene was higher than kerogas 
stove when wick stove was used. 
Though kerogas stove cooked dhal 
and rice in a shorter time, it was 
found to be less economical as fuel 
consumption was high. Efficiency of 
a fuel varies with the nature of the 
appliances used and their relative 
sizes (W. Francis, 1965 from 
London). 

Our study was undertaken with the 
following objectives: 

1. To study heating time of selected 
kerosene heating appliances. 

2. To .study the effect of types of 
wicks on economy and efficiency 
of kerosene. 

3. To study the relation of kerosene 
amount and length of heating 
time. 

Three different types of kerosene 
stoves having 10 and 15 round wicks 
and 4 flat wicks with the tank capa¬ 
city of 1 litre (10 wicks and 4 wicks 
stove) and 2 litres (15 wicks stove) 
available in the local market were 
used for the study. 

The effect of selected kerosene 
heating appliances on heating time 
was assessed by heating one and a 


half litres of tap water to 95 C in a 
covered aluminium vessel. The 
initial water temperature and the 
amount of kerosene in the stove was 
kept constant (28°C, and 1 bottle of 
kerosene). Heating time of water was 
recorded in minutes and seconds by 
using a stop clock. This was repeated 
three times. 

To determine the effect of number 
of wicks on effeciency of kerosene 
and relation of kerosene amount to 
length of heating time, half bottle of 
kerosene (390 ml) and one bottle of 
kerosene were burnt in the selected 
stoves till the quantity was exhausted. 
Length of heating time was recorded 
when the stove put off by itself. This 
was repeated three times. 

Results 

Results obtained from the study to 
find the effect of selected kerosene 
heating appliances on heating time 
are presented in Table 1. 

It is obvious from Table 1 that the 
selected kerosene heating appliances, 
namely, 10 wicks, 15 wicks and 4 
wicks stoves have affected the 
heating time of water. According to 
the observation, time needed to heat 
water from initial temperature 
28°C to 95'’C increased as the 
number of wicks in the stove decreas¬ 
ed. Fifteen wicks stove wdj found to 
be more efficient as the averse 
heating time was 9 minutes 26 
seconds as compared to 10 to 4 wicks 
stoves requiring 10 minutes 4 


Table 1. Time required to heat water upto 95° C with 
one bottle of kerosene 


Stoves 


Replicate 

Initial water 

10 wicks stove 

• 15 wicks stove Flat 4 wicks stove 


tempeeature ■ 















in “C 

Mts 

e 

Sec. 

Mts 

.Sec. 

Mts 

Sec. 

1 

28°C 

9 

56 

8 

51 

10 

20 

2 

28‘'C 

9 

44 

8 

55 

11 

51 

3 

28°C 

10 

33 

8 

56 

11 

00 

Tottl 

28T 

30 

13 

26 

42 

33 

11 

Mean 


10 

04 

9 

26 

11 

03 



Table 2. Time required to burn half a bottle and one bottle 
of kerosene completely 


Stoves 


Repli¬ 

cate 


to wicks stove 


IS wicks stove 


Flat 4 wicks stove 



Half 


One 


Half 

One 


Half 


One 



bottle 


bottle 


bottle 

bottle 


bottle 


bottle 



Mts Sec. 

Mts Sec. 

Mts 

Sec. 

Mts Sec. 

Mts Sec. 

Mts See. 

1 

131 

17 

no 

23 

103 

08 

157 

37 

160 

44 

277 

30 

2 

123 

35 

no 

37 

105 

13 

156 

56 

150 

10 

270 

15 

3 

130 

21 

ns 

25 

107 

25 

168 

51 

145 

17 

no 

10 

Total 

385 

13 

816 

25 

315 

46 

483 

24 

456 

71 

817 

55 

Mean 

128 

37 

ni 

08 

105 

15 

161 

08 

152 

03 

272 

51 


seconds and II minutes 3 seconds 
respectively. 

It is evident that the number and 
type of wicks affect efficiency in 
terms of time consumption. Results 
of this experiment find some simi¬ 
larity with the opinion of W. Francis 
(1965, London); “efficiency of a fuel 
varied with the nature of the appli¬ 
ances used and their relative sizes”. 

Stove with 15 wicks was found to 
be the least efficient as kerosene 
consumption was the highest when 
measured in terms of the number of 
hours bum'. When half a bottle of 
kerosene (390 ml) was used, flat 4 
wicks stove was the most efficient 
since it could be used for 152 minutes 
3 seconds^Kbwever, when one bottle 
of kerosene was used not much 
difference was observed in the effi¬ 


ciency of the two stoves. Efficiency 
of each stove increased with the in¬ 
creased amount of kerosene in the 
tank. Efficiency of 10 wicks stove 
increased more than double the 
efficiency of flat 4 wicks stove. 
Increase in efficiency was the least in 
case of 15 wicks stove. 

Results of the experiment indicate 
that the number and type of wicks 
play an important role in efficiency of 
the fuel, that is, in terms of time 
consumption. 

P.R. SUMANOALA 
Instructor 
L. Phadnis 
Director of Instruction 
SUHASINI Rao 
Assoc. Professor 
Rural Home Science College 
Dharwar-5 


____^FOR HER 
to^e ifi%ldve absence of 

essential amino acid. But the 
_ addition of fish in human diet pro¬ 
vides an excellent source of all essen- 
~ tial amino acids. 

Recent nutritional studies have 
established that at least one third of 
the total requirement of protein in 
daily diet must come from animal 
source. Fish provides 80% of 
the animal protein consumed*in our 
country. It is particularly valuable for 
providing proteins of high quality 
comparable with those of meat, milk 
or eggs. Fish proteins tend to be 
higher in lysine and lower in trypto¬ 
phan content than those of meat. 

Apart from the quality, fish also 
constitutes a good source of proteins 
quantitatively. The edible portion of 
freshwater and estuarine fish con¬ 
tains about 14% to 25% protein. 
Marine fish contains protein from 
9% to 26%. 

Different species of fish vary in 
regard to percentage of proteins, fats, 
minerals and vitamins. There are 
species of freshwater fish which 
contain as low as 0.6% fat. Such 
fishes are useful where a low-fat, high 
protein diet is recommended. On the 
other hand, most fishes contain 
higher proportions of fat. Fish oil has 
generally more unsaturated fatty 
acids than animal fats. Since poly¬ 
unsaturated fatty acids keep down 
cholesterol level of blood, fish and 
{Continued on page 497) 


Table 1. Average mineral and vitamin content of fish (edible part) 


Fish: an integrated 
source of human 
nutrition 

C EREAL grains supply 70%- 
80% of the total protein con¬ 
sumed by the population in deve¬ 
loping countries. It is not ideal because 
cereal proteins are generally deficient 
is one or more of the essential amino 
acids. For example, rice is deficient 
in lysine and threonine, wheat lacks in 
lysine, and com is deficient in lysine 
and tryptophan. In such cases, the 
rest of the essential amino acids tend 


Mineral 

Quantity 
(mg %) 

Vitamin 

Quantity 

Potaasiuin 

300 

Vitamin A 

2S (microgram) 

Chbride 

200 

B-Vitamins 

50 

Phosphorus 

200 

Thiamine 

50 

Sulphur 

200 

Riboflavin 

120 

Sodium 

63 

Nicotinic acid 

3 nig% 

Majpiesium 

25 

Vitamin Bjj 

1 

Calcium 

15 

Pantothenic acid 

0.5 mg% 

Iron 

IS 

Pyiidoxine 

500 

Manganese 

1.0 

Biotin 

5 

Zinc 

1.0 

Folic acid 

80 

Fluorine 

0.5 

Vitamin C 

3 mg% 

Arsenic 

0.4 

Vitamin D 

15 

Copper 

0.1 

Vitamin E 

12 

Iodine 

0.1 
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SCIENCE IN 
INDUSTRY 


Low-cost solar cooker 

E ighty per cent of the Indian 
population living in villages 
uses Ore wood and cowdung as fuel 
for cooking. Cowdung burning is 
hazardous to health due to the smoke 
containing benzo-pyrine, a cancer 
promoting chemical. By burning, 
cowdung nitrogen rich manure which 
is so essential to our cultivation is 
reduced to ashes. 

It is the need of the day that we 
think of some alternate source of 
energy to save our precious jungles 
and cowdung-manure. The most 
sensible alternative appears to be the 
solar energy. Fortunately, we have 
abundant sunshine. Figures for inso¬ 
lation in a few cities, indicate that 
solar energy can be fruitfully utilised 
atleast for 8 months in India when the 
sky is clear (Table 2). 

Realising the urgency of relieving 
strain on the conventional fuel, 
and attracting the public attention 
towards the use of solar enei^y, the 
State and Central Governments have 
declared a subsidy of Rs. 150/- on 
solar cookers. These cookers are 
ready for sale in big cities. In spite of 
the subsidy, the price of a really effi¬ 
cient solar cooker comes to about Rs. 
450/-. This is a big amout for a lower 
middle class family and is beyond 
reach for the poor villager who 
actually needs it. These cookers use a 
double glass lid and a mirror of about 




50 cm X 50 cm size. These parts of 
the cooker are fragile and not suitable 
for rough handling. Moreover, in 
order to make the cookers compact 
all the parts are hinged together 
making the whole assembly very 
heavy and inconvenient for a house¬ 
wife to lift it single handed. 

It appears that due to the weight, 
the prohibitive price and the fragile 
parts of the cookers available in the 
market, though efficient, they would 
not be acceptable to the rural pot^r. 


Parts of low cost solar cooker 

During the course of a project on 
solar energy utilisation as an out¬ 
come of our efforts to devise a low 
cost solar cooker, we have designed a 
solar cooker which is as efficient as 
the conventional box type ettoker. Its 
cost is nominal and the parts are all 
separate. It is egsy to operate and 
handle. The cooker ha.: the following 
four parts : s. 

(1) A pit in the ground, of size 


Table I. Direct solar radiation on horizontal surface 
(clear sky condition) 



Ahmedabad 

A kola 

Bangalore 

Nagpur 

Delhi 

Jan 

0.632 

0 662 

0.774 

0.654 

0.564 

Feh 

0.710 

0.737 

0 8.34 

0.725 

0.653 

March 

0.777 

0.783 

0.876 

0.778 

0.750 

April 

0.791 

0 797 

0.859 

0.796 

0.775 

May 

0.794 

0.799 

0.818 

0.799 

0.792 

June 

0.772 

0 747 

0.791 

0.747 

0.753 

July 

0.768 

0 747 

0.797 

0.745 

0.736 

Aug. 

0.768 

0.772 

0.820 

0.769 

0.711 

Sept. 

0 74.S 

0771 

0.815 

0 766 

0.693 

Oct 

0.726 

0 751 

0 851 

0.742 

0.579 

Nov. 

0 670 

0 6^1 

0.796 

0 685 

0.579 

Dec 

0 613 

0.647 

0.761 

0.641 

0.531 


(KW per squ&re meter) 
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60 cm X 60 cm X 23 cm. The pit is 
filled with rice-husk or wood dust or 
small one inch pieces of coconut husk 
(Fig. 1). 

(2) Tin tray of size 45 cm X 45 
cm and height 10 cm blackened 
within and fitted with four 2.5 cm X 
2.5 cm wooden batons on the brim 
(Fig. 2). Foam strips are pasted on 
the upper sides of the batons. 

(3) Double glass frame of size 
slightly bigger than the tray, with 
2.5 cm separation between the two 
glasses; (Instead of two glasses, one 
can use one glass and one thick, 
transparent, plastic sheet). 

(4) Silver paper pasted on the twin 
planks, hinged together to stand erect 
at right angles to each other, each of 
size 50 cm X 50 cm (Fig. 4). If 
aluminised polyster sheet is available, 
more reflectivity can be achieved. 
Preparation of the pit 

The pit or the raised brick square is 
prepared at a place in the courtyard 
where sunshine is available from 
morning till eufiinl,. The pit is lined 
with wast^plastic sheets from ail 
sides with/n and then dry, bad con¬ 
ducting material is packed in it. The 
blackened tray is then cmbeded at the 
centre keeping the wooden batons 
slightly above the packing material. 
If aluminised polyester sheet is a avail¬ 
able. it is pasted on the outer sides 
and below the tray before embcding it 
in the pit. The waste plastic sheets 
are then spread on the packing and 
are covered by cowdung or mud and 
the pit is levelled to the ground. Now 
only the tray is seen. When not in 
use. the tray may be co/ered by a 
plank. 


Adjustment for cooking 

Glass lid is just put on the tray at 
about 8 O’clock in the morning. As 
the upper side of the tray is covered 
with foam and the glass frame is 
bigger than the size of the tray, the 
assembly becomes air-tight. The twin 
reflectors are then placed by the side 
of the tray so that maximum sun¬ 
shine is reflected on the glass lid and 
enters the tray. In about half an hour 
the inside temperature reaches 
ICXl^C. on a clear day. 

The food to be cooked is taken with 
just enough water in flat aluminium 
containers (8 cm in height) with 
fitting lids, and blackened from out¬ 
side. At a time four containers can 
be accommodated. The containers 
are kept in the tray. The glass lid is 
again placed in position immediately. 

Time and temperature achieved 

In summer, food for a family of 
6 can be cooked in 100 minutes, i.e., 
if the food is kept at 8.30 A.M. in the 
cooker, the meals are ready by 10.10 
A.M. In summer the temperature in 
the tray may at times reach 200°C. 
In one experiment cooker was covered 
by glass lid at 8 A.M. in the morning, 
the temperature reached 130°C, at 
13.30 hours reached 240°C, and at 
15.(X) hours it decreased to 130°C. 
indicating that the cooker can be used 
for about 7 hours and three meals can 
be cooked in one day. 

Cost of the cooker 

1. The tray can be pre¬ 
pared by local tin 

maker from old caas 
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Approximate cost Rs. 15.00 

2. Double glass lid : Two 
ordinary photo-frame 
glasses fitted on either 
sides of a wooden frame 

.. Rs. 30.00 


3. Twin reflectors— 

Two hard board 
pieces, wooden batons 

and silver paper . .. Rs. 20.00 

4. Nails, paint, etc. .. Rs. 15.00 


Total; Rs. 80.00 


The cost of the cooker without 
containers comes to Rs. 80/- only. 

It is hoped that due to the low cost 
and less skilled labour needed, tips 
design of the solar cooker will be 
popular in the rural sector where 
sufficient open space is available 
around homes. 


J.P. Hiroe 
& K.S. Lokre 
Department of Physics 
Institute of Science 
Nagpur 


P.M. Bakshi 
Member, Law Commission, 
New Delhi 
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ENVffiONMENT 

Pesticides pollution in 
marine environment 


I N recent years, the use of pesti¬ 
cides has increased by many 
folds in many parts of the world. The 
miuor cause of pesticidal hazard is 
faulty application and negligence on 
the part of the applicator in adopting 
certain simple precautionary 
measures. Added to this is the lack of 
knowledge about proper dosage. 
Pesticides are economic poisons 
employed to regulate the impact of 
various aiiimals and plants upon our 
life and economy. The effect of vast 
majority are relatively non-selective 
and their usage therefore may result 
in uiKiesirable, even unanticipated, 
side effects. The use of pesticides has 
undoubtedly contributed to increased 
crop yield and to human health, but 
has also produced a number of 
adverse effects, including widespread 
pollution of the natural environment 
accompanied by damage to marine 
and inland fisheries, beneficial 
insects and occasional overt poison¬ 
ing of humans. 

The production of pesticides in 
India for agricultural development 
during 1976-80 was about 250,000 
tones. It can be assumed that 25% of 
pesticides will finally reach the sea. 
Such enormous quantities, when 
added to the seas around India, will 
undoubtedly have some effect on 
water quality of marine environment. 
There are two main groups of synthe¬ 
tic pesticides: (i) organochlorine 
pesticides and (ii) organophosphate 
pesticides. Organochlorine com¬ 
pounds such as DDT and BHC are 
most toxic to fishes. Many of these 
chemicals are stable and are not 
metabolized nor excreted to any 
appreciable degree: they remain 
stored in tissues. Organophosphorus 


compounds, the commonest of 
which are malathion and parathion, 
are generally less toxic to fishes. 
They are relatively unstable and 
rarely stored to any extent within 
animals, but are highly toxic to fish 
food organisms. 

A number of pesticides are used in 
India and demand for them is on 
increase. It is estimated that there is a 
15% increase in the consumption of 
pesticides every year throughout the 
world. During the last ten years, the 
use of DDT alone in India has 
increased nearly four folds. It is 
estimated that DDT and BHC 
requirements during 1985-86 would 
be about twenty thousand tonnes and 
ten thousand tonnes respectively, 
twice the present requirement. 

Pesticides may enter aquatic eco¬ 
system indirectly by drift by spraying 
on agricultural land from fallout from 
air-dust particle accumulations in the 
atmosphere, in run off from agricul¬ 
tural lands by direct application 
to aquatic environment to eradicate 
mosquitoes, etc., by discharge of 
industrial waste emanating from a 
pesticide factory or improper dis¬ 
charge of excess pesticides and 
containers. Aquatic plants and 
animals can accumulate certain 
pesticides in many tissues in greater 
concentrations than can water. This 
indicates the biological magnification 
of these chemicals. Such a biological 
magnification of pesticides may 
result in high pesticide concentrations 
in fishes and birds. Organochlorine 
insecticides have the greatest magni¬ 
fication because they are persistent 
and have a high affinity for lipids. 
The degree of magnification of 
insecticides is usually proportional to 


their persistence and inversely related 
to their suitability in water. In aquoeus 
system, pesticides encounter volatili¬ 
zation, decomposition by ultraviolet 
light irradiation, microbial degra¬ 
dation, biological magnification and 
absorption and desorption from 
suspended matter. All these pheno¬ 
mena are not sufficient to result in 
self-purification of water and so addi¬ 
tional treatment and disposal methods 
are required to eradicate pesticides 
from aquatic environment. DDT. 
BHC, chlordane, heptachlor, 
toxaphene, aldrin, dieldrin and 
endrin are some of the chemicals 
most toxic to fishes and other bio¬ 
logical communities. About 77,420 
tonnes of pesticides and insecticides 
are used in agricultural development 
purposes in India every year. In view 
of the imperative need to increase 
food production, pesticides appli¬ 
cation within the country will ftirther 
increase. Field research on the 
nature and extent of pesticide pollu¬ 
tion in marine environment is pro¬ 
gressing slowly. 

Recent studies have proved that 
even very low concentrations of 
pesticides which enter the environ¬ 
ment can affect productivity of these 
waters, kill eggs and larvae of clams 
and oysters; influence the behaviour 
of fishes such as iv^hooling and 
feeding; induce changes k the blood 
chemistry and enzymatic functions of 
these organisms; reduce backbonic 
collagen contents and indirectly 
interfere with food chains. These 
pesticides are accumulated more in 
plants and fatty tissues of fishes. 
Animals which have become weak 
and moribund as a result of exposure 
to pesticides may easily be destroyed 
by predators. Since very low concen¬ 
trations of organochlorine pesticides 
affect reproduction in fishes, there is 
every possibility that these pollutants 
may adversely affect the local fishery. 

Pesticide-induced mort.iliiy pat¬ 
terns of marine molluscs, crusta¬ 
ceans and teleosts are also measur¬ 
ably related to various physio-chemi¬ 
cal environmental parameters. They 




include temperature, salinity pH of 
the medium, type and ctmcentration 
of chemical and duration of exposure. 
Some of the organophosphorus pesti¬ 
cides for example are most toxic 
under conditions of comparatively 
higher temperature, salinity and low 
pH. On the other hand, some organo- 
chlorine pesticides are most toxic at 
intermediate temperatures when pH 
is more than 9 or less than 7 over a 
wide range of salinities. Inter and 
Intra-species variations in suscepti¬ 
bility to different pesticides are 
considerable. Age, size, sex, general 
condition and especially chemical 
makeup are important in predicting 
degree of resistance of a species to a 
specific biocide. There has been an 
accumulation of vast amount of data 
on pesticides but we are still unable 
to define the problem fully or evaluate 
the permanent effect of these chemi¬ 
cals on aquatic animals and their 
environment. 

Although, direct poisoning is the 
most obvious influence of pesticides, 

FOR HER (.Continued from page 

fish oils are likely to be particularly 
useful. 

, Fishi&.^o a fairly good source of 
calcium and phosQ^Qrus, particularly 
small fish Jmch alfr eaten with 
bones. It i|^so a source of iron and 
of trace elements like copper, iodine, 
arsenic, etc. Fish has also a fair 
proportion of B-vitamins apart from 
being a rich source of vitamins A, D 
and E. Oil-containing fishes, for 
example, cod, contain considerable 
quantities of A, D and E in their liver. 
Some of the visceral organs contain 
larger quantities of certain B-vita¬ 
mins than does the flesh. 

Fish can also be preserved for a 
long time for subsequent consump¬ 
tion. Nutritive value of such pro¬ 
cessed fish and fish products has 
been reported to be high. Canning 
and freezing do not {qipreciably 
affect protein value. Salted and 
sun-dried fish have also a high bio¬ 
logical value. Smoking or dehydra- 
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indirect harm can result in higher 
animals by concentration cS chemicals 
in their passage through food chains 
or by reduction in numbers of impor¬ 
tant food organisms. It is reported 
that marine invertebrates can take up 
pesticides from medium by concen¬ 
tration factors of 70,000 and greater. 

The importance of pesticide pollu¬ 
tion from the human health point of 
view is being investigated. Today, 
there is an urgent need of data on the 
specific areas of pesticides pollution 
in seas and estuaries, whether the 
environmental burden is decreasing 
or increasing and what the sources of 
contamination are. The establishment 
of a continuing monitor sytem is 
necessary despite technical difficul¬ 
ties; bioassay of animals offers a 
reasonable approach to this problem. 
Various kinds of Crustacea that make 
up the most valuable marine harvests 
are of course representatives of some 
groups of animals that pesticides are 
designed to kill. Particular concern is 
felt for sedentary animals that are 
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unable to move away from pollution. 
The oyster might be particularly 
susceptible because of its tendency to 
cfmcentrate and store trace chemi¬ 
cals from the surrounding environ¬ 
ment. 

Coastal zone receives a vast 
number of adventitious chemicals 
including insecticides, herbicides to 
control marsh plants, synthetic, 
detergents, factory and domestic 
wastes and radioactive materials. It 
is possible, even probable, that some 
of these chemicals display synergism 
or antagonism. Therefore, early 
remedial solution in terms of effective 
and integrated ecological manage¬ 
ment of the coastal and estuarine 
ecosystem is necessary to restore 
normal conditions. 

P. Nammalwar 
Scientist 

Environmental Sciences Unit 
Zoology Department 
Madras University 
Madras - 600 005 


tion at a temperature not higher than 
110"F or treatment with cathode 
rays for sterilization does not signi¬ 
ficantly affect amino acid compo¬ 
sition of fish protein. The calcium 
content of canned fish is about 200 
mg% which reflects its high nutri¬ 
tive value. 


M. Mumtaz Uddin 
Agriculture Experiment Station 
Mymen Singh (Ba.ngla Desk) 

V.K. Rajbansi 
Limnology and Fisheries Deptt. 
M.L. Sukhadia University 
Udaipur-JJ3001 


Answers to Science Quiz 

1. Astragalus 

2. Botany Bay 

3. Christmas disease 

4. Digitalis 

5. Endeavour 

6. Fabricius 

7. Ginkgo 

8. Hevea brasiliensis 

9. Interferon 

10. Jejunum 

11. Klinefelter’s syndrome 

12. Lotus 

13. Metacarpals 


14. Nepenthes 

15. Oosphere 

16. Pink disease 

17. Quadrats 

18. Rafflesia 

19. Salvadora 

20. Tamarix 

21. Uracil 

22. Vampire bats 

23. Wolffia 

24. Xenophanes 

25. Yellow fever 

26. Zoonomia 
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THE SPACE MERCHANTS by 
Frederik Pohl and C.M. Kornbluth, 
Penguin i^oo^-vCAvailable From 
Penguin Overseas Ltd., 706, Eros 
Apartments, 56. Nehru Place, New 
Dclhi-n0019), Pp. 170, Rs. 31.80. 

A dvertising is a powerful 

medium. In fact, the American 
Industry thinks that it can sell a pro¬ 
duct provided its advertisement is 
apt. There is believed to be a whole 
lot of science behirid understanding 
the taste and thinking of people and 
the way to exploit it for selling a 
consumer product. The Science 
Fiction novel under review has this 
social science subject as its theme. 
An advertising company is planning 
to build a massive advertising cam¬ 
paign to sell Venus, an otherwise 
hot, hellish planet, as an attractive 
tourist spot worth a visit for any one. 
The incharge of the campaign is the 
hero, Mitcbell Courtenay, whose 
only aim in life, apart from making 
his campaign a huge success, is to 
marry a beautiful lady doctor, Kathy. 
Naturally, when it is a matter of 
selling a subject such as Venus to the 
masses huge stakes are involved. 
Courte,nay becomes a victim of a 
conspiracy hatched by a rival adver¬ 
tising company. The novel traces his 
-u!ventures when his own identity is 
■ ■•slroyed and he is led to live the life 
labourer. But thanks to his 
. . he manages to rise up again 
anu I each where he had left. In the 
process, he however gets a first hand 
knowledge about the thinking of the 
masses and an effective way to use it 
for his adveilising campaign for 
Venus. 

The scenarios depicted in the 
novel are highly realistio in view of 
the fact that it was written more than 
30 years ago. For instance, indus¬ 


trialists are already using the various 
media to sell their products on a large 
scale by creating desire for them. 
Nobody cares two hoot for conser¬ 
vationists. as money has to be made 
out of every living or non-living thing 
that is present on earth. Our society 
has been classified into two classes : 
one is enjoying all the benefits of 
science and technology and the other 
is working like slaves. This novel is 
acknowledged as a masterpiece in 
Science Fiction literature. Written 
in a slick style, the novel however 
takes time to take hold of the readers’ 
attention. 

Dilip M. Salwi 

SOLID WASTE MANAGE¬ 
MENT IN DEVELOPING 
COUNTRIES by A.D. Bhide and 
B.B. Sundaresan, Indian National 
Scientific Documentation Centre, 
14, Satsang Vihar Marg, New 
Delhi-110 067, Pp. 222, Rs. 40/- 

E VERSINCE Adam threw the 
first apple core, wastes started 
accumulating on this planet. But with 
the increase in population, waste 
generation has increased with the 
consequent problem of its disposal. 
All over the world waste is now 
being looked at as a resource be¬ 
cause it is plentiful, free, flexible and 
its recycling is possible. It has been 
estimated that if the garbage potential 
of Indian cities is fully exploited, a 
total of 0.63 million tonnes of major 
nutrients could be diverted to agri¬ 
culture. If 9000 million litres of 
sewage could be converted into 
suliage gas per day from the major 
cities 20% of their energy require¬ 
ment could be met. But the major 
problem is one of waste conversion 
into useable products after its due 
collection—both capital intensive 
exercises. For instance, a 3000 
tonnes-per day garbage treatment 
plant would involve a cost of over 
Rs. 100 million and providing 
sewerage facilities and sewage 
treatment in class 1 cities would 
involve an investment of more than 
Rs. 11,000 million. And we have 
over 3119 cities ! 


In the book under review, much 
stress has' been laid on solid waste 
characteristics, classification and 
collection. Though these factors are 
equally important, it is more 
important to talk about alternatives 
in waste utilisation methodology. 
Over 12 million tonnes of fiyash is 
generated from thermal power 
stations at present and this quantity is 
going to increase manifold due to 
greater emphasis on coal as a source 
of power. This enormous amount is 
being dumped into lakes and rivers 
thereby causing pollution. In the 
west, this ash coupled with sewage is 
used as a soil conditioner and serves 
to provide essential micronutrients to 
the soil. No such technique has been 
discussed in this book. Capital inten¬ 
sive techniques are available, but it 
Seems that for a country like- India 
cheaper methods need to be evolved. 

More research data would have 
made this volume worthwhile. In its 
present form the book can only be 
referred to as a ‘solid waste’ and only 
recycling can make it worthwhile. 

SUDHIRENUAR SHARMA 

METHODS IN INDUSTRIAL 
MICROBIOLOGY (1983) by B. 
Sikyta, EHis Harwood Limited, 
England (Publishers), (Dfru'ftOteis : 
John Wiley anH"5^;:is), Pp. 349, 
$ 79.95. 

T he book seems to have been 
written to help biotechnologists 
understand problems of industrial 
microbiology. It is an informative 
book not only for applied micro¬ 
biologists (who can derive maximum 
benefit) but also for chemical, 
mechanical and civil engineers who 
are concerned with the preparation of 
designs and manufacture of fermen¬ 
ters and other accessories required 
by the fermentation industry. The 
views expressed by the author are 
broad and comprehensive and the 
presentation is excellent. The book is 
divided into ten chapters, each 
chapter has been provided with 
relevant references which would be 







helpful to those wanting to go into 
details. The information given is on 
the designing of fermentors, micro¬ 
bial processes, use of substrates, 
batch culture, continuous culture, 
aeration, media sterilisation, improve¬ 
ment, isolation of metabolic products, 
etc. The problems of strain preserva¬ 
tion as well as contaminations during 
fermentation have been discussed. 
All microbial processes, leading to 
the commercial exploitation of the 
metabolic product, have to start in 
the laboratory in culture flasks and 
end up in industrial fermentors. The 
chapter on culture equipment deals 
on all the steps of scaling up, from 
flasks to shakers to laboratory 
fermentors and then to industrial 
fermentors. Addresses of various 
^ manufacturers of industrial fermentors 
have been given and descriptions in 
brief, of some of the fermentors are 
also mentioned. This book will be 
useful to those who might be thinking of 
utilizing applied microbiology for the 
production of metabolites from 
microbes useful to human society in 
various ways, for medicine, agricul¬ 
ture, food or mineralogy. 

A.K. Mishra 

MICROBIOLOGICAL APPLI¬ 
CATIONS OF GAS CHROMA- 
TQr.g./VRty"\ D.B. Drucker, 
'^981, CambridgAUn^rsity Press, 
^Pp. 478, £ A^. ^ 

HROMATOGRAPHY could 
be ^fined as a technique for 
chemical separation by partition of a 
solute between a mobile and a 
stationary phase, or through selective 
adsorption onto a solid. The mobile 
phase, instead of being a liquid, could 
be a vapour. A gas chromatograph 
consists of a column containing a 
solid adsorbent, or a liquid stationary 
phase, on an inert solid support 
material. The mobile phase is a 
carrier gas (usually Nj). In order that 
the components of a mixture are 
sufficiently volatile, the temperature 
of the column is raised by encasing it 


in an oven. The samples are iqjected 
through a rubber seal. The compo¬ 
nents pass through the column and 
are identified through a detector. The 
signals are amplified and recorded on 
a chart recorder. The book deals in 
details with the theory of gas 
chromatography, ovens and columns, 
detectors, recorders and integrators, 
the latter doing the printing out of 
numerical data of an analysis. The 
book is divided into seven chapters 
with literature cited, appearing at the 
end. 

This book shows the ways and 
means of identification of various 
microbial activities concerned with 
the (a) analysis of fermentation 
products, (b) detection of micro¬ 
organisms (c) analysis of structural 
components like lipids, proteins, 
nucleic acids, polysaccharides, etc., 
of microorganisms. The chapter on 
identification of microbes is excel¬ 
lently written and there is informa¬ 
tion on the identification of microbes 
in food, cerebrospinal fluids, urine, 
blood and serum samples. Pyrolysis 
is the degradation of molecules 
through head to produce more vola¬ 
tile substances and smaller molecular 
weights. A chapter has been devoted 
to this. Pyrolysis gas liquid 
chromatography has been applied for 
planetary investigations, organic 
analysis of meteorites, forensic 
science as well as biomedical studies. 
This book is first of its kind compiling 
various techniques in detail. It 
would be very helpful to biologists 
who are in need of comprehensive 
information on gas chromatography 
and like to procure such an instru¬ 
ment for various analyses. 

A.K. Mishra 

BICHITRA JEEBJANTU 

(Strange Animals) by Ajoy Home, 
Shaibya Prakashan Bibhag, 86/1, 
Mahatma Gandhi Road, Calcutta- 
700009, Pp. 102, Rs. 12,00. 

T he animal kingdom is fasci¬ 
nating. Man’s association with 
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animals is age-old. He has domesti¬ 
cated many of them to serve him and 
has learnt to live amicably with many 
others. Some of these animals are 
quite common and they are a part of 
our daily life. There are others which 
can be seen only in the zoological 
parks. Some of them are rare animals 
found only in distant lands and 
places. But what keeps some animals 
apart from the rest is their strange 
shape or behaviour or unusual breed¬ 
ing or feeding habit. Naturalist Ajoy 
Home describes thirty-two such 
animals in this small yet informative 
book. They cover a wide variety— 
from the spoon-billed platypus, 
fiddler crab and the “mountain devil” 
to the sharp-toothed pirhana, “tiger 
cat” and the Indian pangolin. The 
descriptions (in Bangali) are thorou¬ 
ghly lucid. In most cases they are 
based on the author’s own life-long 
study of the animals and are full of 
interesting anecdotes. Each chapter 
has a photograph of the animal and 
also all the vital details about its 
habitat, food, breeding habits and so 
on. The description, though brief, 
will be useful for identifying the 
described species. An enjoyable 
book which would make an ideal 
companion for any young animal 
lover. 

Biman Basu 


Books Received 

1. STOVES AND TREES by 
Gerald Policy, Patricia Moss and 
Ltoyd Timberlake (Available 
from .Earthscan, 10 Percy Street, 
London, WIP ODR), Pp. 87, 
£,3.50. 

2. GUIDE TO RECORDS 
RELATING TO SCIENCE 
AND TECHNOLOGY IN 
THE NATIONAL ARCHIVES 
OF INDIA : A RAMP STUDY 
by S.A.I. Tirmizi, National 
Institute of Science, Technology 
and Development Studies 
(NISTADS), Hillside Road, New 
Delhi-110012, Rs. 115. 
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3. BASIC ^ OF 

ANALYTICAL CHEMlStltY*‘’ 
Av S.M. Khopkar, tViley Eastern 
Limited, 4835/24, Ansari Road, 
Daryagunj. New Deihi-110002, 

Pp. 367. Price not mentioned. 

4. FORTRAN CASE STUDIES 

(With Computer Printouts of Forty 
Programs), by R. Ramaswamy 
R.R. Computer Centre, (Orion 
8000 Computer system), 25, 


Chitrakaia Cotony< Timnagar, 
Madurai-625006, Pp. 54, Rs. 10. 

5. ELEMENTS OF BASIC 
PROGRAMMING by R. 
Ramaswamy, R,R. Computer 
Centre, 25, Chitrakaia Cdony, 
Tirunagar, Madurai-625006, 
Rs. 25/- 

6. ELEMENTS OF COMPU¬ 
TER PROGRAMMING by R. 


Ramaswamy, R.R. Computer 
Centre, 25, Chitrakaia Colony, 
Tirunagar, Madurai-625006, 
Rs. 30/-. 

7. ORGANIC BLOOM-AN 
EVOLUTIONARY HYPO¬ 
THESIS by Reedivari Sarva 
Jagannadha Reddy, (Available 
from I R.S.J. Reddy, Department 
of Zoology, Government Degree 
College, Nagari-5175'90, Andhra 
Pradehs), Pp. 56, Rs. 8/-. 


MEDICAL NOTES (Continued from page 485) 

Control of blood cholesterol— 
a new insight 


T he intimate association 
between atherosclerosis (thick¬ 
ening of the artery with deposition of 
fat on its internal surface) and 
coronary thrombosis (occlusion by a 
thrombus of the coronary artery 
supplying heart muscle) is well 
established. Occurrence of excess 
lipoproteins (plasma lipids that 
include cholesterol in combination 
with protein) and cholesterol in blood 
that promotes atherosclerosis is often' 
familial. Incidence of premature 
atherosclerosis leading to coronary 
thrombosis is considerably higher in 
a population which has familial 
hypercholesterolemia (a familial 
disease characterized by elevated 
concentrations of lipoproteins and 
choiesterol). Pioneering research by 
Michael J. Brown and Joseph L. 
Goldstein of the University of Texas, 
USA. has opened a new direction for 
control and treatment of hyperchole¬ 
sterolemia. 

More than 90 per cent of choles¬ 
terol of our body is located inside 
ceils where it is utilised for synthesis 
of steriod hormones and cell growth. 
The remaining, less than 10 per cent, 
circulates in plasma portion of blood 


and deposits on the arterial wall 
leading to atherosclerosis. All the 
circulating plasma cholesterol is 
enclosed within lipoprotein particles 
that are formed from carbohydrates, 
free fatty acids and triglycerides in 
the liver and in the small intestine. 
Some of these lipoproteins are 
capable of producing fulminating 
atherosclerosis. The offending lipo¬ 
proteins are in excess in those who 
have familial hypercholesterolemia. 

A major breakthrough has been 
achieved by unearthing lipoprotein 
receptors which exist on surface of 
liver cells and other tissues. The 
cholesterol-carrying lipoproteins that 
circulate in blood form a complex 
vrith the lipoprotein receptors. As a 
result, lipoproteins are taken up in 
cells and destroyed, while choiesterol 
is utilised by cells. Binding of lipo¬ 
proteins with receptors also mediates 
a process of self-regulation of chole¬ 
sterol biosynthesis in the body. The 
increased level of offending lipopro¬ 
teins in population suffering from 
familial hypercholesterolemia stems 
from a genetic defect that hampers 
production of lipoprotein receptors 
for removing offending lipopn^eins. 


This, in turn, offsets autoregulation 
process of cholesterol biosynthesis. 
The net result is excess of offending 
lipoproteins and cholesterol in 
circulation which deposit on arterial 
walls and give rise to premature 
atherosclerosis. 

The challenging task of regulating 
physiologically the level of chole¬ 
sterol-carrying lipoproteins in blood 
has been met with success by 
manipulating production of 
lipoprotein receptors. Two new 
drug, Compactin, isolated from a 
penicillin mold and its analogue 
menivolin have been discovered. 
They reduce effectively the level of 
offending lipoproteins and choiesterol 
by increasing the rvoduction of 
lipoprotein receptors ''Ul"'* Mm. 
Dominance of I’Popi^ein receptors 
ensures an efficien^^cholesterol 
delivery into cells for physiological 
purposes due to increased cellular 
transport of cholesterol. The quantity 
of lipoprotein receptors which is 
regulated by genetic and hormonal 
factors may provide an answer to the 
important question—Why some 
individuals do not show increased 
blood level of lipoproteins and 
cholesterol despite high dietary 
intake of fat and cholesterol and 
vice versa. 

A. Ganguly 
Calcutta-700 029 
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WATCH AH AHT CARRY 
WHAT A MAKT COULDN’T! 



Small. Simple. Ajid quite miraculous. 


Before the chip, the information 
the ant is carrying had to he 
stored in a circuit board so 
large that a man couldn’t even 
hold it! 

The LSI chip is a thin sliver of 
silicon on which electronic 
circuits involving thousands of 
components are processed. It 
consumes less power, takes 
less space, works much better 
and faster. 

It only Itio .ml Knovi wh.it it whs walkinij away witIV What 
rolativity is to (ihysici,. th.at '. wtiat tho ctiifi is to ('torlronios It 
1 tiantjos I'voryltiiny 

Tho largo si alo intiagratorl silicon cliip is marlo troni 
sornolhiricj as ordinary as oorTirnon filai o as sand Ynl, its 
iiriplications aro gigaiitu 

From thc' tiny .i.doo gamo to while away time at homo 'o tho 
launching ol loworirig ror Kots into oijti't space the digi at 
wat( h slrd[i[io(1 iinriotK t'rl on a wrist tci ultra modern and 
supoi ollif loiil l(,lophoiif; exf hangr's, it is the chip that’s 
working its wonders Silently 

In India a roiiip.iiiy is engaged in the inanulaclijio ol a large 
nurnboi ol these niiraclo ctiifis A company r ailed 
SeiriK ondurlor Complt'x I Id Ctiitrs for digital ulectrunif, 
lolcptione exijiancjcs (iiish tiiittnn leinphonos, cak.iilalors, 
goad/ w.tlr hes ,ind clocks i ornpLiters, irutuslrial controls and 
mstruitienlatinn. made in collaboiation with tlirr'C international 
giants in the lield 

Bringing a new sophistir atioii to ter.hnulogy, ontiancing tho 
standard nl living ol the man on Ihr- street incirjasing 
prodnrlivity anrl [iroviding moaninglul oiciployniont to lakhs ol 
ii'dianr, 



O Semiconductor 
Complex Ltd. 
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Delhi Medical Colleges). 
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SELECT PAPERBACKS FROM BHAVAN’S POPULAR 
“BOOK UNIVERSITY” AND GENERAL SERIES 
Books That Enlighten 


Title 

Author 

Price 

The Call of the Vedas 

A. C. Bose 

>.00 

Advaita: Faith and Practice 

D. V. Gundappa 

9.00 

Mystery of Universe (Theory & Practice) 

R. N. Srivastava 

25.00 

The Wealth and Wisdom of India 

Swami Siddhinathananda 

20.00 

Gita My Guide 

P. S. Tolani 

10.00 

Bhagavadgita for Peace of Mind 

R. j. Venkateswaran 

21.00 

Contemporary Essays 

Karan Singh 

4.00 

Prophet of Indian Nationalism 

5.00 

Sure Path to True Happiness 

V. A. Madgavkar 

6.00 

Backwards: To Surge Forward 

Shakun Narain 

14.00 

Rta; Psychology Beyond Freud 

Nirrnal Kumar 

45.00 

The Stream of Indian Culture 

" 

15.00 

20.00 

Warmth of Love: Selected Writings 

Ed. Leo Re hello 

of Dr. D.V. Nadkarni 

“elevance of our Cultural Heritage 

S. K. Ganguly & A. S. Ghosh 

5.00 

to Modern India 

For the Time Being 

Faith of a Poet—Selections from Tagore 

Sisirkumar Ghose 

30 00 
16.00 

A Study of the Ramayana of Valmiki 

J. K. Trikha 

35.00 

Voyage through the Ramayana 

Smt. Mathuram Bhoothalingam 

15.00 

Streamling Our Religion 

R. B. Lai 

30.00 

Liberation from Karma and Rebirth 

Sant Keshavdas 

10.00 

Bhaktiyoga 

Asvmikumar Dutta 

20.00 

Education Elsewhere and Here 

R. N. Joshi 

35.00 

A Key to Prosperity 
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LETTERS 

JagJIt Singh—his writings 

Sir, Jagjit Singh in his interview to 
Dilip M. Salwi {S.R.. May-June 1984) 
has admitted that some peopie find 
his writings difficult. From my expe¬ 
rience I can say that even scientists 
find It difficult to comprehend some 
of his articles, let alone laymen This, I 
think, is pe haps due to the fact that 
Singh prefers to write on frontiers-of- 
science subjects. Be that as it may, I 
feel the success of the science writer 
is not to be too pedantic He should 
try to communicate in a language 
meaningful to masses. Of course, in 
such a venture the author may not be 
able to convey much, but whatever 
little IS transmitted is worth the trou¬ 
ble. It is decidedly bettc r than a high 
dose ricochetting off the cerebrum, 
rather than being embedded in it. 
Even if the exposition is down-to- 
earth, simple and/or repetitive, its 
information content is not zero as 
asserted by Singh The author can 
see to it that at least some portions 
register and refresh the memory of 
the reader, which is quite an achieve¬ 
ment The public too has to realize 
that however simplified the treatment 
is it cannot be assimilated without 
concerted mental effort. 

S.K. Guhtu 

Simulation and Optimization Group 
R&D Organisation, 
Ministry of Defence 
'L' Block, New Delhi-110CX)1 

PmcsI 

Sir, I enjoyed reading the article 
The Helen of Geometry by 
Verma {S.R., May-June 1984). The 
incident concerning Pascal, who, in 


an agony of toothache, sought dis¬ 
traction by working on some cycloi¬ 
dal problems and on its abatement 
interpreted the relief as a divine sig¬ 
nal, was particularly interesting. 

I woul^ like to state that during the 
time of Pascal, the growth of science 
was encouraged by the prevailing 
protestant belief that man could be 
saved by doing good work. They 
believed that the glory of God could 
be best promoted by the close study 
of his works. To Robert Boyle, Francis 
Bacon and their contemporaries, the 
practice of science was essentially a 
religious activity. 

In this connection it may be rele¬ 
vant to mention that the Charter of the 
Royal Society ordains that the efforts 
of the fellows shall be directed "to 
further promoting by the authority of 
experiments and the science of natu¬ 
ral things and of useful arts, to the 
glory of God the creator and the 
advantage of the human race". 

S.K. Gubtu 

Simulation and Optimization Group 

R&D Hqrs, 
Ministry of Defence 
1’ Block, New Delhi-110001 


Ringworm fungi 

Sir, The article Ringworm fungi 
{S.R., April 1984) by A. Subrama- 
nayam was indeed interesting and 
informative. We would like to add 
some more information to it 
Keratinomyces is another mono- 
typic form genera included with ring¬ 
worm fungi. The perfect state of most 
dermatophytes belong to the fam¬ 
ily Gymnoascaceae of Ascomycetes 
which are heterothallic Hairbaiting 
technique describedbyVanbreuseghem 
(1952) is usually adopted to study the 
keratinophilous fungi (fungi attack¬ 
ing keratin containing tissue). 

Though often very difficult to locate 
infection in ordinary light or by micro¬ 
scope, the suspected animals and 
patients are trapped for examination 
by following techniques; 

(i) The infected hair of suspected 
pet animais/patients are easily picked 
out when examined in a darkened 
room irradiated with "Wood light" i.e.. 


ultraviolet light filtered through wooc 
glass (glass containing nickel oxide) 
under which only the infected hairs 
give characteristic fluorescence. 

(ii) The suspected pet animals/pa¬ 
tients are examined by “Hair brush 
technique” devised by Mackenzie 
(1963). They are sampled for ring¬ 
worm fungi by being brushed with 
sterile toothbrush and the bristles of 
the toothbrush subsequently pressed 
on to a suitable agar culture medium. 

The infection of child hair by 
Microsporum audouinii may ppr-,!--.! 
for many years but, at puberty how¬ 
ever, the infection spontaneously 
clears due to change in the fatty acids 
secreted by the scalp, which behaves 
as fungistatic if not fungicidal for the 
pathogen. Some dermatophyte infec¬ 
tion induces an allergic response 
away from the site of infection. A ring¬ 
worm infection of the feet or groin, for 
example, may lead to the develop¬ 
ment of sterile lesions, mycides on 
the hand, face or other parts of the 
body. 

The ringworm fungi of feet and toes 
IS called athlete’s foot, an occupa¬ 
tional disease of coal miners and pro¬ 
fessional soldiers. Communal bath 
leads to the spread of infection by 
infected skin scale on thelloors, from 
diseased to healthy feet. The infec¬ 
tion IS aggravated by heavy bootsand 
hard work under humid condition. 
Ringworm of bread is confined 
almost exclusively to agricultural 
workers who contract the disease 
from infected animals. 

Libero Ajello (1960) of United 
States Public Health Service has dis¬ 
cussed the geographical distribution 
of these fungi of the twenty form- 
species of which eleven are cosmo¬ 
politan-, one T. megninii is strictly 
European, M. nanum known only 
from Cuba, and one or two are 
endemic to Africa. The following 
form-species are anthrophilic (human 
origin): Trycophyton terrestre, T. ton¬ 
surans, T. rubrum, T. mentagrophyte, 
T. sulphureum, T. violaceum, M. 
audouinii, M. Cannis, T. verrucosum 
and T. persicoior are common zoof)- 
hilic (animal origin). 
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Allergy 

Sir, Re; Allergy: the Imbalance of 
Immunity by M.K. Roy Chowdhury 
(S.R., April 1984), I have a few com¬ 
ments to make. 

It was mentioned that allergy is 


non-fatal. Intramuscular injection of 
penicillin may cause death due to 
anaphylaxis. Drug anaphylaxis and 
drug allergy are forms of hypersensi¬ 
tiveness to drugs. Aspirin has no role 
in the treatment of allergy. Mepyram- 
ine maleate, promethazine hydroch¬ 
loride, chlorpheniramine, maleate etc. 
are anti-histamines used to treat the 
condition. Corticosteroids and other 
drugs which have been mentioned in 
the article are definitely effective. 

B.M. Das Adhikari 
S.A.M.O. 

State Ayurvedic Dispensary 
Baghmundi, Purulia 
(West Bengal) 

Fibonacci numbers 
Sir, Re ; The amazing Fibonacci 

numbers by P.K. Mukherjee in S.R., 
Feb. 1984. The example cited in the 
article on page 87 (12th line in first 
column), l.e., if p=9 (prime) is wrong, 
as 9 is not a prime number Instead, 
the following examples should have 
been taken. 


(1) If p = 19 (prime), Fp=4181 
= 113x37 (not a prime), 

(2) If p = 31 (prime). Fp=1346269 
=2417x557 (not a prime), 

(3) lfp=53(prime),Fp=533l6291173 
=953x55945741 (not a prime) 

I would also like to add the follow¬ 
ing new properties of Fibonacci 
numbers : 

Every positive integer can be writ¬ 
ten as a sum of distinct terms from 
Fibonacci sequence, for example, to 
represent 50 and 100 we have 
50=3+13+34=F4+F7+F9 and 100=3-i-8+ 
89=F4 + F6 + F11 

S.S. Gupta 
IRSE (P) 
Western Railway 
Bombay 

In The amazing Fibonacci numbers 

IS.R., Feb. 1984, p. 87)the last line 
pertaining to Property 10 should 
reader.,, if p=i9 (prime), Fi9 = 4181 = 
37x1 13 which is not a prime." 

P.K. MuKHSejEE 
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THE MYSTERIOUS GIANT PLANET 
JUPITER AND THE COMING 
GALILEO MISSION 

AMALENDU BANDYOPADHYAY 


The Voyager probes sent back amazing 
pictures and information about Jupiter and 
its surroundings. The Galileo spacecraft is 
likely to make discoveries as yet unimagined 


T hroughout history mankind 
has been concerned with the basic 
scientific questions associated with 
the origin of life on earth and any 
other planet, and the origin of the 
solar system. Initially the observa¬ 
tions were made with the naked eye 
only. History was made on a July 
night in 1610 when Galileo observed, 
for the first time using a telescope, the 
disk of Saturn. The real nature of the 
planets gradually began unfolding as 
more and mpre powerful telescopes 
came into being. The launching of the 
‘Sputnik* in October 1957 ushered in 
the Space Age. It was not long before 
missions were directed to the Moon 
and the neighbouring planets Venus 
and Mars to make detailed observa¬ 
tions to complement the improving 
quality of earth-based telescopic 
mcMurements. But it was not until 
1970s that the first missions were 
directed to the outer solar system and 
the region of the giant planets Jupiter 
and Saturn. The initial reconnais¬ 
sance was made by Pioneer 10 and 11 
spacecraft. Then, in 1977, came the 
launching of two Voyager spacecraft 
and the start of one of the greatest 
journeys in the history of space 
exploration. 

Although astronomical research 
was never intended to be a major 


focus of the space programme, it has 
nevertheless played a significant role 
in creating the present golden age of 
astronomy by making possible for¬ 
merly impossible observations. In the 
last four years, from the pictures and 
data sent back by space probes there 
has been an explosive growth in our 
knowledge about Jupiter and Saturn 
and their satellites, rings and sur¬ 
rounding evironment. The Voyager 
mission was a landmark in the history 
of the exploration of the solar system. 
This article deals mainly with the 
recent findings on the giant planet 
Jupiter. 

Earth-based studies 

Jupiter, the fifth planet outward 
from the Sun, is aptly named after the 
lord of Olympus. Jupiter is the Roman 
equivalent for the Greek Zeus, chief 
among the legendary gods, god of 
moral law and order, protector of sup¬ 
pliants and punisher of guilty. Jupiter 
reigns supreme as the undisputed 
head of the planetary family. Except 
for the Sun, Jupiter dominates the 
solar system in size, mass, volume 
and in ability to gravitationally perturb 
the rest of the family. It is 316 times 
more massive than the earth; indeed, 
2Vi times more massive than all of the 
other planets put together. The solar 


system is almost just the partnership 
of the Sun and Jupiter with the other 
planets as incidental pieces. But even 
so, the partnership is unequal. It 
would take a thousand Jupiters to 
make up one Sun, although, this is a 
reflation on our star’s bulk rather 
than on Jupiter’s status as the giant of 
planets. Jupiter's equatorial diameter 
is 11 times that of the earth though it is 
1/10th the diameter of the Sun. Its 
volume could hold 1300 tightly 
packed earths. Jupiter’sdensity Is low 
compared to the terrestrial planets, 
only 1.33 times that of water. Jupiter’s 
surface gravity is 2.31 times that of the 
earth. A person weighing 68kg on 
earth would tip the scales at 157kg on 
Jupiter. 

Jupiter rotates about an axis 
inclined only 3°from the vertical (Jup¬ 
iter's orbit is the horizontal reference) 
with a period of 9h 55m. It rotates 
faster than any other planet. A point 
on its equator travels over 30 times 
faster than a corresponding point on 
earth. As a result, Jupiter is very 
oblate. Its equatorial diameter is 
143,900 km while its polar diameter is 
134,130 km. The flattening of more 
than 9700 km represents an obiate- 
ness of 1/15 and is easily discernible 
in a small telescope. 

Jupiter’s orbit is nearly circular with 


Sh Bandyop*dhy«y Is Otrscior, Positional Astronomy Centre. Calcutta-TOOOSS 




Fig. 1. Voyager 1 photograph oflv The volcanic arupUona aaan In the picture are more powartut than any on earth, and aulphui 
dioxide gas gives them a blue tinge. Sulphur from the eruption coats it with reddish sulphur deooslts covering any cratars that 
may He below 


an eccentncity ot 0.048. The planet's 
distance from the Sun varies by 76 
million kilometers, the mean distance 
is 780 million kilometres. Neverthe¬ 
less,' climate variations because of 
seasonal effects are non-existent on 
the planet. Jupiter's sidereal period 
(i.e., the period of its revolution round 
the Sun) is 11.86 earth-years. 

Jupiter is not easy to observe in 
detail. It is too remote from the earth 
(607 million kilometres even at the 
most favourable oppositions). When 
the solar system formed, the planet 
found itself with more material than 
all the other planets combi ned. Unlike 
the much smaller earth, which lost its 
light gases such as hydrogen and 
helium because its weak gravitational 
field could not hold back the fast- 
moving atoms of the two gases, Jup¬ 
iter has hold on its entire original 
mixture. Most of the planet is com¬ 
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posed of hydrogen and helium 
together with unpleasant hydrogen 
compounds such as methane and 
ammonia. The surface which is 
observed through a telescope from 
earth is the top of this thick 
atmosphere. 

In a telescope, Jupiter shows up as 
a yellowish, decidedly flattened globe 
crossed by streaks known as cloud 
belts and with other less prominent 
features such as spots, wisps, and 
festoons. The most casual is enough 
to show that it is totally un-earthllke 
and it has long been known that the 
surface is not solid, but is made up of 
gas. Jufi^ter's surface displays a strik¬ 
ing alternation of light zones and dark 
bands that are parallel to the equator. 
The dark bands are more or less uni¬ 
formly gray, although some lighter 
coioured spots are occasionally seen. 
The lighter bright zones vary some¬ 

S07 


what in colour both in position and in 
time. They may appear light yellowor 
again light red and even at times light 
bluish in cast. Moreover each band 
and zone rotate about J u piter’s ax is at 
a different rate. The rotation is asym- ' 
metrical, that is, speeds in the south- i 
ern hemisphere are somewhat higher ; 
than at corresponding northern hem- i 
isphere latitudes. 

The most intriguing visible feature i 
of the Jovian atmosphere is the Great i 

Red Spot, first reported in 1831. It i 
might have been seen by the Italian 
astronomer Cassini in 1660 and used 
by him in determining Jupiter's rate of 
rotation. But the first authenticated ^ 
report dates only to the first third of 
the 19th century when the Great Red 
Spot was believed to be a great hollow 
in the clouds. The spot 48,(XX) km 
long and 11,000 km wide is large 
enough to hold the earth and Its moon 

SCIENCE REPORTER 



Fig. 2. The Voyager 2 image of the region around the Great Red Spot 


and the planets Mercury, Venus, Mars 
and Pluto with room to spare. Scient¬ 
ists are not certain what this Great 
Red Spot really is. No one knows just 
what causes the phenomenon. One 
suggestion is that it is the top of a 
huge column of heated atmospheric 
gases that is rising up over some 
immense surface obstruction. 

The spot wanders somewhat from a 
mean position. One calculation 
shows that the spot had d rifted slowly 
around the planet, completing at least 
three revolutions since it was disco¬ 
vered. if this is so. It would be difficult 
to explain how the spot could be 
associated with any elevated surface 
feature. It is also not certain why the 
spots on Jupiter's surface come in 
colours—the red is the more tantaliz¬ 
ing puzzle. The favourite, though not 
yet proven, theory is that its colour is 
due to red phosphorus, the element in 
match-heads that ignites when a 
match is struck. Among the poison¬ 
ous gases in Jupiter's atmosphere 
there is phosphine, a compound of 
phosphorus and hydrogen. Phos¬ 


phine may be brought up from the 
depths in the whirl of a spot and 
broken down to red phosphorus 
when it is exposed to the sunlight 
above Jupiter's cloud layers. 

Satellites of Jupiter 

Galileo discovered the four largest 
satellites of Jupiter. They are lo, 
Europa, Ganymede and Callisto. 
Their orbits lie within 3" of Jupiter's 
equatorial plane, close to the ecliptic 
and in our line of sight. The largest, 
Ganymede, has a diameter 1.4 times 
that of our Moon's which makes it 
larger than the planet Mercury. A 
good pair of binoculars, steadily sup¬ 
ported, will reveal the four largest 
satellites of Jupiter. They are so large 
that, if the glare due to Jupiter were 
not present, they would be visible to 
the naked eye. Occasionally, a very 
sharp-eyed observer can see one of 
them without optical aid when Jupiter 
IS near opposition and when the satel¬ 
lite is near its greatest elongation. 

The four large satellites and one 


small one form an Inner group rela¬ 
tively close to Jupiter—all are less 
than 2 million kilometres from itscen- 
tre. As larger and larger telescopes 
were built and trained on Jupiter, the 
number of known satellites increased. 
The thirteenth was added in the 
1970s. The four outermost satellites 
are over 20 million kilometres from 
the planet and are weakly held by its 
gravitational field. Oddly enough, 
these four revolve arourid Jupiter,in a 
sense opposite that of all the others. 
All the satellites beyond the four larg¬ 
est are small; the largest of them hasa 
diameter of roughly 200 km. 

Space probes of Jupiter 

Till some years ago our knowl¬ 
edge of Jupiter was derived mainly 
from earth-based telescopic observa¬ 
tions which began more than 350 
years ago. Modern observations from 
high-altitude aircraft and orbiting 
satellites and the wealth of recent 
findings from interplanetary' space 
probes have revealed some outstand¬ 
ing information about the planet. 
Between 1973 and 1981, four 
unmanned probes flew by Jupiter 
(Pioneer 10 and 11, Voyagers 1 and 
2). All of these probes were launched 
by the NASA (National Aeronautics 
and Space Administration) of U.S.A. 
Pioneer 10 was launced in March 
1972. It by-passed Jupiter at 132,000 
kilometres from the cloud-tops on 3 
December 1973. Pioneer 10 received 
a dose of protons and electrons large 
enough to kill a human 1000 times 
over. It was later estimated that, had 
Pioneer 10 passed only one-half of a 
radius of Jupiter closer to the planet, 
it would not have survived. After pass¬ 
ing by Jupite', Pioneer 10 continued 
to travel aw" / from the sun. Pioneer 
11 was launched even before Pioneer 
10 reached Jupiter. On 2 December 
1974, it raced past Jupiter at a dis¬ 
tance of 46,400 km. Although it 
passed closer to the planet than Pio¬ 
neer 10, it survived the proton and 
electron clouds because it was aimed 
at a latitude of 45° south where these 
particles are less numerous. The 
strong gravitaional field of Jup'ter 
whipped Pioneer 11 rapidly through 
the strongest parts of the radiation 
clouds and up over the northern hem- 


SCIENCE REPORTER 


508 


OCTOBER 1984 


isphere. This carefully planned 
manoeuvre had four benefits: (1) Pio¬ 
neer could get close to Jupiter and 
still survive the strongest radiation 
becuase of the rapid speed; (2) it 
could photograph both the south and 
north poles of the planet, which are 
not visible from earth; (3) the sling¬ 
shot effect flipped Pioneer 11 up 
above the plane of the planets to mea¬ 
sure conditions there for the first 
time; and (4) as planned. Pioneer was 
retargeted by Jupiter's gravitational 
force so that it would coast to a 1979 
rendezvous with Saturn. 

Pioneer 10 and 11 confirmed the 
idea that Jupiter has a magnetic field 
and is surrounded by a huge volume 
of trapped charged particles, cheifly 
protons and electrons. The Pioneer 
flybys permitted accurate determina¬ 
tion of the masses of the Galilean 
satellites. The Pioneer flybys con¬ 
firmed that the planet gives off sub¬ 
stantially more energy in the form of 
heat than it receives from the sun. 
That is. Jupiter is not just a passive 
reflector, but has an internal energy 
source of its own. For this reason, 
some astronomers have character¬ 
ized Jupiter as "almost a star", 
although its mass is at least five times 
too small for it to generate energy by 
means of nuclear fusion as real stars 
do. It has been'suggested that the 
excess radiation produced by Jupiter 
is simply remnant heat left over from 
the original condensation of the 
planet, slowly leaking out through 
its thick body. The rate at which it 
escapes from the planet indicates that 
Jupiter's interior is probably in a tur¬ 
bulent state, with much of the internal 
heat being carried outward by moving 
material such as is seen in boiling 
pots of water. 

The next probes, Voyager 1 and 
Voyager 2 were even more ambitious. 
They were designed to study both 
Jupiter and Saturn, while Voyager 2 
was scheduled to go on to the outer 
planets Uranus and Neptune as well. 
The plan was to send the Voyagers 
first to Jupiter and then use Jupiter’s 
powerful gravity to swing them round 
and propel them on towards Saturn. 
Voyager 2 would then use Satprn’s 
gravity to send it on its way to Uranus 


which in turn would then send it out to 
Neptune. The first Voyager gave trou¬ 
ble in the pre-launch period and even¬ 
tually was switched with its compa¬ 
nion, so that the original Voyager 1 
became Voyager 2. Ultimately number 
2 was launched first on 20 August 
1977 leaving its twin to follow on 5 
September. However, Voyager 1 
moved in a more economical transfer 
orbit and during the crossing of the 
asteroid belt it took the lead, and 
finally reached Jupiter on 5 March 
1979, over four months before its 
companion The closest approach of 
Voyager 1 to Jupiter was 348,890 km 
and that of Voyager 2,721,670 km. 

The Voyager probes sent back 
amazing pictures and information 
about Jupiter and its surroundings. 
This time the pictures were even bet¬ 
ter than those from the Pioneers. The 
vividly coloured belts, zones and 
spots stood out magnificently and 
new data were sent back, settling 
more of the outstanding problems. 
More important, the existence of 
more than 32.000 Voyager photo¬ 
graphs means that we can at last treat 
the outer regions of the solar system 
in the same way as the inner planets: a 
place where we can deal with hard 
facts, figures and measurements, 
rather than disputable and hazy 
glimpses from our remote station on 
earth. 

Dramatic new photographs returned 
by Voyager space probes provided 
more detailed information about the 
complex atmospheric circulations on 
the giant planet. They have revealed a 
varied and continually changing patt¬ 
ern of great complexity. The banded 
structure of Jupiter was once thought 
to be relatively stationary, but now 
movement has been observed bet¬ 
ween bands—narrow bands have 
been seen to consolidate and wide 
bands to come apart. The spotted 
regions are thought to be Jovian hur¬ 
ricanes, not unlike those on earth, 
although larger in scale. Hurricanes 
are cau sed when rising cu rrents in the 
atmosphere create low-pressure 
areas Into which gases from sur¬ 
roundings regions flow. Forces gen¬ 
erated by the rapid rotation of the 
planet causethe inflowing gas to swirl 


around tike whirlpool. A close-up of 
the Great Red Spot on Jupiter per¬ 
haps indicates the ultimate example 
of a solar system hurricane. 

According to the latest information, 
Jupiter is indeed mainly liquid, 80 per 
cent of which is hydrogen. Equally 
amazing are the magnificent photo¬ 
graphs of Jupiter's miniature solar 
system—the Galilean satellites lo, 
Europa, Ganymede and Callisto. Per¬ 
haps the most surprising fact that has 
been discovered about these satel¬ 
lites is their lack of similarity with 
each other. Each seems to have its 
own individual personality. Perhaps 
the most dramatic discovery is the 
evidence of active volcanoes on lo. 
The number of known satellites of 
Jupiter now total 16. 

As the Voyager probes searched 
closer to the planet, they found that it 
was surrounded by a system of rings. 
This was totally unexpected. But Jup¬ 
iter's rings are quite unlike the rings of 
Saturn; the former are too dim to be 
seen from earth. The Jovian system of 
rings is believed to be no more than a 
kilometer thick and is composed of 
dense microscopic particles that 
extend down to the cloud tops. But 
where do they come from? That is still 
a mystery. 

Galileo Mission to Jupiter 

Voyager gave only brief glimpses of 
Jupiter. Plans for the Jupiter Orbiter 
and Probe (JOP) mission were first 
drawn up at the Jet Propulsion Labor¬ 
atory and Ames Research Centre of 
U.S.A. in 1975, more than two years 
before the-launch of the Voyagers. 
The mission was part of a plan prq 
posed by the Space Science Board of 
the National Academy of Sciences, 
U.S.A. After the Voyager flyby probes, 
the highest priority NASA planetary 
objective was to be indepth explora¬ 
tion of Jujsiter. Although originally 
called Jupiter Orbiter and Probe, the 
programme was soon renamed Pro¬ 
ject Galileo to honour the Italian 
astronomer Galileo Galilei who first 
viewed the four large satell ites of Jup¬ 
iter. Mission planners recognized that 
the Galileo ojseration would require 
both an orbiter and an atmospheric 
entry probe in order to satisfy all three 
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m^or exploration objectives: (i) de¬ 
termination of the chemical composi¬ 
tion and physical state of the Jovian 
atmosphere, (ii) investigiition of the 
chemical composition and physical 
state of the Jovian satellites, and 
(iii) investigation of the structure and 
physical dynamics of the Jovian mag¬ 
netosphere. These objectives are 
directly related to the major goals of 
the NASA planetary exploration pro¬ 
gramme to further our understanding 
of the origin and evolution of the solar 
system, the origin and evolution of life 
on earth by comparative studies of 
the other planets. 

Why is Jupiter so important? Jup¬ 
iter rates highest because of all the 
planets of our solar system its atmos¬ 
pheric composition could be repre¬ 
sentative of the primordial local solar 
nebular material. While other bodies 
evolved and lost material, especially 
hydrogen and helium, proto-Jupiter's 
great gravitational attraction held 
them to it. Because it retains this pri¬ 
mordial composition, Jupiter is a bet¬ 
ter cosmological laboratory than any 
of the other planets. 

Sometime in 1986, one of Ameri¬ 
can's fleet of shuttle launch vehicles 
will thunder off its Cape Canaveral 
launch pad into earth orbit. It will 
carry in its cargo bay the two compo¬ 
nents of the Galileo mission—an 
Orbiter and a Probe. After launch 
from space shuttle the spacecraft will 


arrive in the vicinity of Jupiter in a 
little more than two years. When Gali¬ 
leo is about 150 days and 150 million 
kilometres from Jupiter, the orbiter 
will release the Probe. After the Probe 
is released, the Orbiter will manoeu¬ 
vre to keep from following the Probe 
into the planet. Four hours before the 
Probe mission begins, Galileo will 
pass within 1000 km of volcanic lo— 
20 times closer than the Voyager 
flyby in 1979. This will be the only 
close flyby of lo during the entire 
Orbiter mission, lo’s gravitational 
attraction will assist in slowing the 
Orbiter and permit Jupiter to capture 
the spacecraft in orbit. This will help 
determine the compostion of lo's sur¬ 
face and the mechanisms by which 
the lo volcanos feed the/torus. The 
Probe will provide the first direct sam¬ 
pling of Jupiter's atmosphere. Its 
entire mission will last 60 minutes at 
most as it descends from the outer 
fringes to a depth where the pressure 
is about 10times the atmospheric sur¬ 
face pressure on earth. Galileo will 
enter a long looping trajectory about 
Jupiter with a period of 200 days. The 
spacecraft's tour through the Jovian 
system consists of 12 orbits over a 
period of 20 months. 

After years of planning. Project 
Galileo is finally assuming tangible 
form as numerous laboratories as¬ 
semble its flight equipment. The first 
20 months that Galileo orbits Jupiter 
will be a time of incredible excite¬ 


ment. Galileo's Probe also should be 
able to send back important new 
•information about Jupiter during its 
short life of about an hour inside its 
atmosphere. With Galileo the greatest 
discoveries may be things we have 
not even thought of. 
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“Why do you deny me water? 
tts use is free to all. Nature had 
made neither sun nor air nor 
waves private property; they 
are public gifts" 

Ovid 

Metamorphoses 

O N 10 December 1982, in Montego 
Bay. Jamaica, representatives 
of more than a hundred countries 
signed the United Nations Conven¬ 
tion on Law of the Sea. marking the 
culmination of nine years of con¬ 
certed efforts of governmental and 
non-governmental representatives at 
the United Nations Conference on the 
Law of the Sea (UNCLOS). This char¬ 
ter, a 'constitution for oceans’, with its 
320 articles and nine annexes, per¬ 
tains to every conceivable use of the 
ocean, namely, exploration and exploi¬ 
tation of renewable and non-renew¬ 
able resources, conservation and 
pollution, navigation and overflights, 
marine research, etc. The convention 
also draws guidelines for the behav¬ 
iour of coastal states, defines, mari¬ 
time zones, lays down rules for 
drawing boundaries, provides 
machi nery tor dispute settlement, etc. 

But the central question-remains; 
Whya legal regimen for the sea, espe¬ 
cially when more than 70% of earth's 
surface is covered by the oceans, an 
area wide enough for every one's use! 
Within this vast liquid expanse lie 
inexhaustible amounts of food, min¬ 
erals and energy (from tides, waves, 
ocean thermal energy and salinity 
gradients besides coal, oil and gas). 
Compelled by the impending deple¬ 
tion of land resources, man looks to 
the sea in a frantic search for more 
and more resources to meet the 
increasing demands of the people. 
In this pursuit he is prone to 
destroy the environment either by 
mismanaging or by overexploitation. 
It is exactly to counter these vagaries 
of human nature that the Law of the 
Sea envisages a systematic and lega¬ 
lised order. 

To have a better appreciation of 
events leading to the signing of the 
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WHY LAW 
OF THE SEA 
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The Law of The Sea will aafe- 
guard every nation’s Interest In 
utilisation and distribution of 
ocean resources and protect 
the future and well-being of 
the mankind 

Law of the Sea treaty, a brief historical 
perspective is necessary. 

Historical development 

From times imniemorial theses has 
played a significant role in human life. 
In the quest for expanding his terri¬ 
tory, man not only attempted to con¬ 
quer this endless water mass by 
navigating, but also tried to approp¬ 
riate large areas of it for his own var¬ 
ied uses. This has naturally resulted 
in resistance and opposition from 
others, leading to conflicts. 

Though the origin of the first rule of 
the Law of the Sea is not known, the 
law like other areas of international 
law. seems to have developed from 
two sources, viz. custom and treaty. 
The Mauriyan Kings in India (4th cen¬ 
tury B C) had established the office of 
Superintendent of Ships to regulate 
maritime transport and trade. Sim¬ 
ilarly the ancient Egyptians who 
engaged in shipping on a wide scale 
must have had some sort of rule regu¬ 
lating the seafaring activity although 
there is no such evidence. Rhodes 
appears to be the birth place of mari¬ 
time law as indicated by references 
made in the Digest (AD 533). The 
maritime code of the Eastern Empire 
(7th or 8th century AD) was called the 
‘Rhodean Sea Law’. The most widely 
accepted Sea Law around^ the 13th 
century was the Consokli^de mar 
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(consulate of the sea) formulated at 
Barcelona (Spain). 

According to traditional Roman 
Law, seas and seashores were com¬ 
mon to all and could be used by any 
one. This concept known as res com¬ 
munis upholds that seas belong to the 
community. However this concept of 
•freedom of the sea was opposed by 
powerful nations and they evolved a 
different concept known as res nul- 
llus, which supports the view that 
seas belong to none but are subject to 
claim. The application of res nulllus 
concept became a primary source of 
conflict which resulted in multilateral 
treaties and agreements covering 
navigation, fishing and trading. Spain 
and Portugal, under the Treaty of Tor- 
desillas, claimed sovereignty over 
most of the seas and could prevent 
navigation and trading by other 
nations. 

Serious threat to the Spanish- 
Portuguese hegemony camef rom the 
Dutch who resented Portuguese 
monopoly of the East Indies spices 
trade. In 1609 Hugo Grotius, a jurist 
commissioned by the Dutch East 
India Company, published Mare libe¬ 
rum, in which he pleaded for the free¬ 
dom of high seas tor the benefit of all, 
in a way upholding the concept of res 
communis. Hesupportedfu.iy the Eli¬ 
zabethan theory that the sea belonged 
to all and is not subject to'unilateral 
appropriation by any nation. John 
Selden (1635), an Englishman, in 
reply to Mare liberum published Mare 
clausum. He upheld the concept of 
res nullius and advocated that coastal 
states had the right to appropriate 
large sections of the sea. maybe to 
justify the growing British interests at 
that time in exercising the jurisdiction 
over waters around Britain. The con¬ 
cept of territorial sea came into exist¬ 
ence with the publication of De 
comino marls in 1702 by Bljnker- 
shoek. A territorial width of 3 nautical 
miles C. 6 km), attributed to a dis¬ 
tance of cannon ball shot (though the 
range of cannon at that time was not 
more than a single nautical mile), was 
accepted. 

The limits of maritime Jurisdiction 
Biology. Pubrieatlom a Information Dlrsctorata, 



Fig. 1. Ship on high ua* (Courtoay : Or. Q.S. Roonwal) 


have remained a source of conflict 
between seafaring nations for long. 
However, two areas of jurisdiction 
were accepted: (I) territorial sea 
under the jurisdiction of adjacent 
coastal states, and (ii) high seas open 
to all nations with freedom to navi- 
'gate, fish, lay submarine cables and 
flyover. 

Modern era 

Till the 2nd half of 19th century, the 
seas were used essentially for fishing 
and navigation. But the scientific and 
technological advances made subse¬ 
quently have broadened func¬ 
tional notion regarding the sea and 
also increased the jurisdiction and 
political fjroblems. Though it is diffi¬ 
cult to demarcate clearly the begin¬ 
ning of the modern era with respect to 
the Law of the Sea, the following 
events appear to be the forerunners: 

(i) failure of the League of Nations 
codification conference of 1930 to 
establish a three mile territorial sea 
and (ii) treaty of Paria between Bri¬ 
tain and Venezuela (1942) and Tru¬ 
man Proclamation (1945) leading to 
juridical claims over parts of the sea¬ 
floor. The United States of America 
under Truman Proclamation claimed 
control over continental shelf (box 
p. 514) larger than Alaska and Texas 
combined, and its resources and fish¬ 
ing conservation rights. Under Santi¬ 
ago Declaration (1954) three Latin 
American states proclaimed sover¬ 
eignty over an area of 200 nautical 
miles. 

Keeping in view the controversies 
and conflicts arising from unilateral 


declarations and multilateral treaties, 
the International Law Commission 
created by the UN in 1947 was 
entrusted to codify parts of traditional 
law and the problems concerning ter¬ 
ritorial sea. The coroervation of 
resources and the continental she^f 
were also brought under its purview. 
As a sequel to this, the UN General 
Assembly convened the first United 
Nations Conference on the Law of the 
Sea (UNCLOS I) at Geneva in 1958. 
UNCLOS I adopted thefollowing tour 
conventions: 

(i) Territorial sea and contiguous 
zone. According to this convention, 
each state will have control, beyond 
its land territory and internal waters, 
to a band or belt of sea adjacent to its 
coast (territorial sea). The control 
also extends to the air space above 
the territorial sea as well as its bed 
and subsoil. Theconvention also stip¬ 
ulates sovereignty of a state over a 
contiguous zone lying seaward from 
the territorial sea for the purposes of 
fishing, customs, immigration and 
sanitation. But the state cannot inter¬ 
fere with the right of innocent 
passage. 

(ii) Continental shelf. The coastal 
states are allowed to exercise sover¬ 
eign rightsovercontinentat shelf (box 
p. 514) for exploration and exploitation 
of its natural resources. 

(iii) High seas. This convention 
includes all waters outside the 
national jurisdiction under high seas. 
They belong to all nations which 
can enjoy freedom of navigation, 
overflights, fishing, laying of subma¬ 
rine caijies aruj pipe lines. This con¬ 


vention also includes regulations on 
piracy and pollution. 

(iv) Fishing and conservation of. 
living resources of high seas—This 
remained the bone of contention 
among nations. The convention pro¬ 
vides rights and assigns responsibili¬ 
ties to fishing nations to preserve fish 
stock. It also provides procedures for 
resolving disputes in areas where 
fishing is carried out by more than 
one nation. 

The UNCLOS I failed to agree on 
limits of territorial sea. Though the 
convention suggested that the width 
of the territorial sea and contiguous 
zone combined should not exceed 12 
miles, different states claimed differ¬ 
ent widths ranging from three miles to 
over 12 miles. It also failed to define 
clearly the limits of continental shelf. 
Though the Second UN Conference 
on the Law of the Sea (UNCLOS II) 
was convened in 1960 at Geneva, it 
failed to resolve these problems. 

Around early 1970s it became 
apparent that the conventions result¬ 
ing from UNCLOS I and reconsidered 
subsequently by UNCLOS II were not 
sufficient to cover various uses of the 
ocean space in view of the emerging 
technological advances and socio¬ 
political situations, one of the chief 
causes of concern being the possibil¬ 
ity of conflicts arising from the exploi¬ 
tation of minerals (box p. 516) from 
the deep ocean floor. 

The Maltese Ambassador to the 
UN, Dr. Arvid Pardo, first proposed in 
1967 in the UN that the seabed and 
resources beyond the limits of 
national jurisdiction be the ‘common 
hdritage of mankind’, not subjected to 
appropriation by any nation for its 
sole use. An appeal was made for an 
international treaty that would (i) give 
UN title to seabed beyond present 
limits of national jurisdiction; (ii) es¬ 
tablish an agency to administer 
marine resources: (iii) allocate 
revenues from these resources prim¬ 
arily to promote development of poor 
nations; and (iv) reserve ocean floor 
exclusively for peaceful purpose in 
perpetuity. In 1970, while adopting 
the concept of oceans as ‘common 
heritage', the UN agreed to convene 
the Third Conference on Law of the 
Sea (UNCLOS III) to finalise an inter¬ 
national sea law treaty that would 
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I SMfloor topography 

F or a better understanding of has ruggea topography so also would shelf and the continental slope, 
ocean reeources and the sea law, have the continental shelf. Many referred to as continental margin, are 
knowledge of the physiography of shelf areas are of special interest in structurally a part of the continents 
seafloor Is essential. It is broadly clas- view of the fact that over 80% of the though covered with seawater, 
sifled into 4 major parts, viz. (I) con- fishery landings of the world are from The continental rise at the end of 
tinental shelf, (11) continental slope, the continental shelf.The shelf is also the continental slope shows a gentle 
(III) continental rise,and (iv) abyssal increasingly exploited for oil and gas. gradient and gradually merges with 
plain (Fig. 2). The continental shelf terminates the ocean floor (bottom). Beyond the 

Near the continental land mass the seawards at continental edge which is continental rise are the abyssal plains 
sea Is generally shallow, and the sea- the boundary between continental extending to hundreds of kilometres 
floor gently slopra from the shore to shelf and the continental slope and is with slight difference in level and 
depths of about 200 m. The sub- marked by increase in the gradient to forming nearly 80% of submarine sur- 
merged extension of seafloor Is the 4®. The ending of the continental shelf face of the globe. Its predominant fea- 
continental shelf. The continental and the beginning of the continental ture is the basaltic bed rock covered 
shelf which covers more than 7% of slope occurs around 50m-500m water by a thin layer of sediment. In some 
oceanfloor is unequally distributed depth. The continental slope covers places, the ocean floor rises to form 
around the land mass with widths roughly 11% of oceanfloor and its submarine , mountains or ridges 
ranging form 1 km to 1500 km. There gradient varies depending on the (2000m-4000m high), and at some 
are many coastal states which are locality (sometimes as steep as 45®), other places the ocean floor is fur- 
dwold of continental shelf. The gra- and reaching depths of 3000m- rowed by deep trenches like the Java 
dientofshelf is1®anditsbottomtopo- 6000m. The slope is not even and is trench m the Indian Ocean. Thedeep- 
graphy resembles that of the adjacent fissured by gullies and steep subma- est of the ocean trenches is the Mari- 
land. For example, if the coastal area rine canyons. Both the continental ana trench mtfie Pacific (^1 1,000 m). 


K. S. 



The first organizational session of attempt by the international commu- (i) Territorial seas and contiguous 
UNCLOS IM was held in New York in nity to devise a comprehensive and zones. The coastal states enjoy sover- 
Oeoember 1973, followed by sessions widely acceptable written constitu- eignrightsoverai2nauticalmileter- 
at Caracas (1974), Geneva (1975) and tion for oceans. Finally the conven- ritorial sea (Fig. 3) from their shore- 
New York (1976). At Geneva. UNCLOS tion on Law of the Sea, signed at line, and the foreign vessels get the 
III produced a preliminary document. Montego Bay, replaces the laissez- right of innocent passage through 
the Single Negotiating Text (SNT), fa/re system of freedom of seas, with a these waters for peaceful navigation, 
which was subsequently revised system of maruigement. Some of the Beyond the territorial sea a contigu- 
(1976). The Revised Single Negotiat- aspects covered under the Conven- ous zone of 12 nautical mil^ comes 
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ng.3. Zone demarcating the aea os per the convention of 1982 (echemalic: dlalencee not to ecale) 

under the coastal State for the regula- rights over a 200 nautical mile (370 internal waters of a state or territorial , 

tion of customs, immigration and km) EEZ from the base line from waters or waters of EEZ or archipe- 

scientific matters. which territorial sea is measured lago waters. Freedom of navigation, 

(Fig.3) with regard to natural resour- overflight, scientific research and 

(2) Straits for navigational pur- ces and other economic activities, fishing on high seas would be f 

poses. Under a new concept of ‘tran- The states will also have jurisdiction enjoyed by all states. Consequently t 

sit passage’ freedom of navigation over scientific research and environ- management and conservation of liv- s 

and free passage through 116straits mental preservation. Freedom of nav- ing resources inhighseasarealsothe i 

around the world are ensured, which igation and overflight and right to lay obligation of all states. 

cannot be suspended under normal marine cables will be enjoyed by (7) Islands. As per the rules appli- i 
conditions. other states in this zone. cable to land territory, territorial sea, l 

(3) Archipelagic states. Jt\e groups (5) Continental shelves, f^or expio- EEZ and continental shelf would be i 

of closely related Islands (Philip- ring and exploiting the resources, determined for the islands. 

pines, Indonesia, etc.) and intercon- coastal states would have sovereign (6) Uind locked states. These states 
necting waters would have severe- right over the continental shelf (see would enjoy right of access to and 

ignty over a sea area (archipelago box), which would extend around 200 from the sea and freedom of transit i 

waters) enclosed by straight lines miles from shore to 358 miles or through a transit state (s). ; 

drawn between the outer points of the beyond under specific situations. (9) Marine scientific research. The ! 

Islands. However, ships of other This would not affect the legal status coastal states enjoy the right toauth- '. 

states enjoy the right of passage of waters in this region or the air orise, regulate and conduct marine ' 

through these waters. space above it. scientific research. Any reseach afcti- ; 

{4) Exclusive economic zone (EEZ). (6) H/g/i seas. These include such vUy by foreign states in the EEZ and ; 

Coastal states would enjoy sovereign waters which do not come under continental shelf of other stastes 
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Fig. 4. Polymetallic notiulet (Courtesy : Dr. G.S. Roonwal) 


Marin* niln*ral* 


T he seafloor is a repository of 
different minerals of economic 
importance. Most of these minerals 
now exploited lie in the shallow 
waters along the continents. This is 
expected since the continental shelf 
is an extension of the land and the 
mineral deposits occurring near the 
coastal areas, in some cases, extend 
offshore (e g., petroleum deposits). 

Some of the mineral groups found 
on the seafloor are (i) aggregates 
comprising mainly sand and gravel or 
shells in the offshore areas; (ii) plac¬ 
ers which are metallic minerais of 
detraitai origin, found generally in 
offshore areas (e.g., elements in natu¬ 
ral state tike gold and platinum and 
minerals such as zircon, rutile, mono- 
zite and garnet); (lii) phosphorites 
which are sedimentary deposits 
mainly of phosphate minerals (e.g., 
apatite) and found in shallow marine 
environment; (iv) abyssal siliceous 
deposits (radiolarian oozes) which 
are pure silica from deep oceans; 
(v)ferro manganese oxide deposits in 
the form of nodules and encrusta¬ 
tions containing also high nickel, 
copper and cobalt concentrations 
and occurring mostly on deep seabed; 
and (VI) metalliferrous sediments 
which are precipitates of a variety of 
elements formed as a result of vol¬ 
canic activity in submarine volcanic 
areas (eg, polymetallic sulphides). 

I Of these mineral deposits, mariganese 
nodules and polymetallic sulphides 
are of considerable economic value, 
though economic exploitation pres¬ 
ently is restricted to placers, sand and 
uravel 

Manganese nodu/es.Claimed as the 
bonanza from the oceans the polyme- 
'dllic nodules or ferro-manganese or 
' '.imply manganese nodules are potato- 
iihaped lumps strewn o/i the ocean 
lloor Nearly 80%-90% of these 
nodules lie on seabed beyond the 
exclusive economic zone. Their 
quantity is estimated at between 90 
billion and 1700 billion metric tonnes 
with an expected market value 
exceeding $3 trillion, an amount more 


than 10 times the combined OPEC oil 
export revenue during 1980 

Eversince their discovery in 1879 by 
the British oceanography ship HMS 
Challenger, many collections of these 
nodules were made from different 
Ocean areas. These nodules (Fig. 4) 
which generally occur at depths 3500 m 
to 6000 m are of irregular shape and 
size They form at the rate of 10 mil¬ 
lion tonnes/year They comprise var¬ 
ying percentages of Mn-Fe oxides 
deposited in concentric layers around 
a nucleus. A typical nodule contains 
about 28% Mn, 1 4% Ni, 1.2% Cu, 
0.25% Co, 0.05% Mo, and nearly 25 
trace metals (see Science Reporter, 
August 1981). 

The Clarion-Clipperton Fracture 
Zone between Hawaii and Mexico in 
the Pacific Ocean appears promising 
for exploitation of nodules in view of 
their high density. The technology for 
the recovery of these nodules is 
ready. Two principal methods are 
employed in their mining from deep 
seabeds: (i) scooping nodules into 
buckets attached to a conveyor belt 
and (ii) sucking nodules up a 
long tube as in a vaccum cleaner. 
(Commercial exploitation of the 
nodules is likely to start around 
1990. 

Polymetallic sulphides Mn-nodules 
appear to be losing their prima donna 
status with the discovery of polyme¬ 


tallic sulphide ore deposits which are 
metalliferous sulphides with metallic 
elements in a single deposit. First 
found at the volcanic vents in the 
Pacific rift near Galapagos ridge in 
1977, these deposits occur in many 
areas as massive bodies of ore 
pierced by occasional hot vents of 
'black-smokers', pouring out high 
temperature solutions rich in metals. 
These sulphides contain 10%each of 
Cu and Fe, 0.1% each of Pb, Mo, Va 
and Zn and 0.3% each of A^ and Tin. 
They also contain very low amounts 
of cadmium, gold and platinum. The 
total value of metals in the recent find 
(nearly 25 million tonnes) between 
Galapagos and Ecuador in the Pacific 
by the NOAA geologists of US is esti¬ 
mated at $3,000 million. Sulphides are 
formed as a result of combined action 
of volcanism, tectonic fracturing and 
hydrothermal circulation. Seawater 
percolating through fracture zones 
becomes superheated fracture teaches 
metals from rocks as it passes 
through them on its way back to sea¬ 
floor. The metal-rich super-heated 
(SSO^C) solution ejected out mixes 
with cold seawater and precipitates 
metals in the form of sulphides. 
Unlike Mn-nodules which are loose 
deposits lying on seabed, these are 
massive deposits below the ocean 
floor. 

K.S. 
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would require the consent of the 
coastal states, which should gener* 
ally by given, provided it is for peace¬ 
ful purposes. 

(10) Development and transfer of 
marine technology. The states would 
promote development of technology 
and transfer of the technology on 
reasonable terms and conditions. 

(11) Marine pollution. 6oastal 
states would be responsible for pre¬ 
venting and controlling pollution. 
They would also cooperate in global 
environmental protection. 

(12) Deep sea mining outside 
national jurisdiction. All activities 
concerning exploration and exploita¬ 
tion of international seabed area 
would be under the control of an 
International Seabed Authority, which 
will have an operating wing called the 
Enterprise which would exploit resour¬ 
ces (e.g ., Mn-nodules) on behalf of all 
mankind. Under a 'parallel system' 
the authority would receive propo¬ 
sals from private and governmental 
enterprises to mine two sites of equal 
cofnmercial value on the seabed. Of 
the two sites, one would be reserved 
for the Enterprise and the otherallot- 
ted to the applicant (proposer) for 
mining. The Enterprise could either 
on its own mine the site or get it 
mined. The first set of prospectors 
(applicants) are called the 'pioneer 
investors’ and to qualify for the status 
of a pioneer investor an incumbent 
should have spent at least $30 million 
on seabed adtivities and around 10% 
of this on the seabed claimed for min¬ 
ing. Each pioneer investor would be 
entitled to mine an area hot more than 
150,000 sq km. 

(13) Settlement of disputes. Dis¬ 
putes arising as a result of interpreta¬ 
tion or application of the convention 
may be resolved by peaceful means. 
For such issues the states can 
approach the International Tribunal 
for the taw of the Sea, to be estab¬ 


lished under the convention at Ham¬ 
burg, Federal Republic of Germany. 


India and the Law of the Sea 

With the signing of the convention 
on Law of the Sea, India with its long 
coastline and 1280 islands is entitled 
jurisdiction over a 12 nautical mile¬ 
wide territorial zone and the same 
length of contiguous zone and a 200 
nautical mile EEZ. Thus with the eco¬ 
nomic jurisdiction extending to 200 
nautical miles an area of more than 2 
million sq km, nearly two-thirds of 
Indian land mass, comes under 
national jusrisdiction providing it with 
exclusive rights for living and non¬ 
living resources. Present estimates 
suggest around 3 million tonnes of 
fish production from the EEZ of India. 

With the collection of samples of 
Mn-nodules from the Seychelles 
basin of the Indian Ocean in January 
1961, India joined the exclusive club 
of developed nations involved in 
polymetallic nodule activity. The 
UNCLOS III adopted a convention 
resolution on 30 April 1982 on prepar¬ 
atory investments in pioneering acti¬ 
vity relating to polymetallic nodules, 
according to which India has been 
recognised as a pioneer investor 
along with France, USSR and Japan 
and 4 other multinational companies 
headed by USA. This provides India 
with exclusive rights to operate in 
150,000 sq km area in high seas for 
the recovery and processing of 
polymetallic nodules. In this connec¬ 
tion massive exploration for suitable 
mine sites has already started. Under 
the convention, India also gets juris¬ 
diction with regard to marine research 
in Its EEZ. 

Conclusion 

The sea law convention comes into 


force when ratified by over 60 coun¬ 
tries. It is hoped that it would estab¬ 
lish a legal framework for various 
uses/activities concerning the sea. It. 
will safeguard the national interest 
with regard to utilization and distribu¬ 
tion of ocean resources and protect 
the future and well being of ail man¬ 
kind. It may usher in a 'new world 
order' realising the concept that seas 
are the 'common heritage of mankind'. 
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IMMUNOLOGIC ASPECTS OF SEMEN 
AND BIRTH CONTROL 


Vatectomy hat not baan found to hava any advarse affects 
in man. In fact, vasactomizad man hava baan found to have . 
longer Hfa span ttian normal subjects 


ATHOTA RAMA RAO 
GLEN M. LANG 


V ASECTOMY, which involves cut¬ 
ting the vas deferens (the sper¬ 
matic duct) through which'the sperm 
travels, is a very simple birth control 
method for men (Fig. 1). It is 100% 
effective in a short time. Conse¬ 
quently, vasectomy is gaining more 
popularity in the U.S.A. and other 
countries including India. In the Uni¬ 
ted States one million male steriliza¬ 
tions are performed each year; in the 
United Kingdom it has been esti¬ 
mated that 1 in 10 men have had a 
vasectomy by the time their wives 
were 35; in India more than 20 million 
vasectomies had been performed by 
1979 (Kleinman, R.L.. 1980). 

Semen end Ite antigens 

Mammalian spermatozoa (Fig. 2) 
possess sperm specific antigens 
which are normally hidden from the 
immune system by a blood-testis bar¬ 
rier. Animals injected with homolo¬ 
gous sperms In Freund's complete 
adjuvant produce antibodies that 
agglutinate and develop a moderate 
degree of infertility. In humans antis¬ 
perm antibodies cannot be distin¬ 
guished from antiseminal. plasma 
antibodies. This suggests that the 
major antigens of ejaculated human 
sperm might be derWed from seminal 
plasma, which contains numerous 
potentially immunogenic proteins 
and enzymes. So far, at least 16 anti¬ 
gens have been idc-^ntified in semen, 
seven of which arp associated with 


sperm (H.Hugh Fudenberg et at., 
1980). 

. Many techniques have been des¬ 
cribed for the detection of antisperm 
antibodies in serum and other body 
secretions, but only two are com¬ 
monly used. They are the sperm 
agg utination test and the sperm 
immobilization test. Other methods, 
especially immunofluorescence, 
enzyme immunoassays (EIA) and 
radioimmunoassays (RIA) show 
promise and would seem to justify 
f u rther d evel opments as rel i abt e cl i ni- 
caiiy relevant assays for antibodies to 
human spermatozoa. 

Presence of antibodies to semen In 
the uterus 

In some studies in women, approxi¬ 
mately 75% of patients with primary 
infertility had serum sperm agglutin¬ 
ins. However, 11%-15% of pregnant 
women also had the same titers or 
antisperm antibody. Antisperm antib¬ 
ody present in cervical ^rations are 
thought to prevent the normal pene¬ 
tration of sperm into the uterus 
(D.P.Stites et al. 1982). The titer or 
antibodies in female patients may 
diminish if she refrains from sexual 
intercourse or if a condom is used by 
her partner. 

In recent years, a number of reports 
have appeared implicating constitu¬ 
ents of human seminal fluid as 
responsible for severe allergic condi¬ 
tions such as urticaria, angioedema 


and respiratory obstruction in women 
after sexual intercourse (J.b.Kooistra 
et al. 1978). 

The discovery of immunosuppre- 
sive factors in seminal plasma raises 
important questions about the immu- 
nogenecity of semen components. It 
is interesting to speculate that natu¬ 
rally occurring immunosuppressants 
in seminal plasma may play a role in 
protecting women from becoming 
immune to sperm (H.Hugh Fuden¬ 
berg et al. 1980). 

Prospects for an antifertlllty vaccine 

The antifertility properties in semen 

D D 


A A 

^Ig. 1. Location of Inctaion In vasectomy. 
A, taatleta; B, vat daleranta; C, Ineltlon 
point; and D. route to tamlnai vaaleias 
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Fig. 2. Anatomy of sparmatozoa. A, aparm 
haad; B, aqualorlal aactlon; C, poat- 
nuclaar cap; D, nack; E, midplaca; F, tail; 
and Q, acroaoma 

are associated with sperm antigens 
and not with those of the seminal 
plasma (G.P.Talwar 1980). Antibo¬ 
dies to sperm antigens can aggluti¬ 
nate, immobilize or inactivate the 
spermatozoa, with the result that fer¬ 
tilization with ova is inhibited. The 
important antigens considered in this 
respect are Lactic Dehydrogenase-X 
(LDH-X) ,Hyaluronidaseand Acrosen 
(Fig, 2).‘LDH-X is located intracellu- 
larly and on the sperm surface. Mice 
that were immunized with purified 
LDH-X suffered significant reduction 
in fertility (R.P.Ericksom ef al. 1975) 
but not complete sterility. The antibo¬ 
dies to hyaluronidase inhibit the 
hydrolytic activity of the enzyme and 
its apparently essential biological 
function in reproduction namely 
sperm penetration of the cumulus (a 
mass surrounding ova) (C.B.Metz ef 
al. 1972). Sperm penetration of the 
zona pellucida is achieved by the 
action of acrosomal proteinases, not¬ 
ably acrosin. Female sheep that have 
beeh actively immunized with ram 
acrosin may have impaired fertility 
(D.B. Morton, 1977). However, an 


effect approaching sterility has not 
been reported. Examination of aera 
from men whose infertility was asso¬ 
ciated with the presence of antisperm 
antibodies has defined, distinct anti¬ 
gen ic regions of human spermatozoa, 
in Fig. 3 are depicted the most com¬ 
mon immunofluorescent patterns 
obtained when autologous antisperm 
antibodies are incubated with human 
sperm and then developed with fluo¬ 
rescence labelled anti-human immu¬ 
noglobulin. 

Immunologic consequences of 

vasectomy 

A breach of the blood-testis barrier 
by vasectomy can result in the gener¬ 
ation of sperm agglutinating autoan¬ 
tibodies. Several studies have shown 
that these antibodies are found in the 
serum of 70% of vasectomized men 
(T. Samuel ef al., 1980; and Rumke ef 
al., 1959). Little is known about cellu¬ 
lar immunity to sperm following 
vasectomy. The immediate concern 
has been the possible influence of 
these antibodies on subsequent fertil¬ 
ity after vasovasostomy (recanaliza¬ 
tion) . The results from several studies 
on the presence of sperm agglutinins 
in fertile and infertile men are pres¬ 
ented in Table-1 (L. Mettler ef al., 
1974). It can be seen that the inci¬ 
dence of antisperm antibodies is 
higher in infertile men than in fertile 
men but its relationship to the infertile 
condition is not clear, 

On the whole, there are no estab¬ 
lished adverse systemic immune 
effects of vasectomy in humans. In 
1968 (Stites ef a/.,1982) a few patients 
with vasectomy were reported to have 
thrombophlebitis, glomerulonephritis, 
or multiple sclerosis, but these symp¬ 
toms have not been correlated with 
vasectomy when larger groups have 
been followed, in addition, sex hor¬ 
mone levels are not influenced by 



Fig. 3. ImmunofluorazeenI •talning 
pattarnt of sparmatozoa by aara of 
Inlartila man, Indicatad by tha ahadad 
araaa. A, aniarior ragion of haad; B, 
aquatorial araa; C, posl-nuclaar ragion; 0, 
midplaca; E, fall; and F, Up of tall. 
[Radrawn from Hafaz, E.S.E., (1976), 
Editor, Human Semen and Fertility 
Regulation in Men, Tha Moaby Company, 
SL Louis, USA] 

vasectomy. There Is fragmentary evi¬ 
dence for circulating immune com¬ 
plexes of sperm antigens and anti¬ 
body following vasectomy in men. 

Clarkson ef al. (1980), have reported 
that rhesus monkeys vasectomized 
for 9-14 years and fed monkey chow 
devoid of cholesterol and low in fat, 
rather than an atherogenic diet, had 


Table 1. Sperm agglutinating antibodies 


Infertile men 

Fertile men 

Number of subjects 

% with antibody 

Number of subjects 

% with antibody 

' 400 

6.B 

500 

none 

1913 

3.2 

416 

2.6 

2015 

3.3 

416 

none 
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more extensive and severe athero¬ 
sclerosis than did control animals of 
the same age. They suggest that the 
antisperm antibodies that form after 
vasectomy may result in circulating 
immune complexes that exacerbate 
atherosclerosis. However, the animal 
studies have not been supported by 
retrospective studies in man. Frank 
Massey (1983) reported that ten years 
after surgery, men who have had 
vasectomies were at least as healthy 
as men who did not have. One of the 
encouraging observations in this 
report was that in a study conducted 
in Boston University Drug Epidemiol¬ 
ogy Unit in collaboration with hospi¬ 
tals in the New England-New York 
area, the -deaths from heart disease 
and cancer were significantly higher 
in men without vasectomies. The rea¬ 
sons for the lower death rates among 
vasectomized men are not known. 

Conclusion 

In conclusion, the use of vasectomy 
as a birth control method has not 
been shown to have any adverse 
effects in man. Moreover, some 
investigators have reported that for 
unknown reasons, the vasectomized 
men have a longer life span than nor¬ 
mal subjects. Research on antibodies 
to sperm antigens, ova and sex hor¬ 
mones may lead to the development 
of a “vaccine” for use in birth control. 


and make available another option for 
couples who are Interested in long¬ 
term birth control free from surgical 
procedures or drugs and without the 
necessity of inserting or wearing var¬ 
ious contraceptive devices. 
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GALLIUM :EKA-ALUMINIUM 

OF 

MENDELEEV 

R. KRISHNA IYER 

In the history of chemistry, the discovery of gallium Is 
significant as it led to the widespread recognition of 
Mendeleev's periodic system of elements 


G allium was discovered m 1875 
by the French Chemist, Lecoq 
de Boisbaudran. The observation of a 
gap between aluminium and indium 
during the study of the spectral lines 
of Gr III elements of the periodic sys¬ 
tem prompted Boisbaudran to carry 
out extensive research. After examin¬ 
ing hundreds of mineral samples, he 
located the missing spectral lines in a 
sample of zinc blend. Dissolution of 
Zink blend in aqua regia and treatment 
with zinc gave a deposit which emit¬ 
ted two new yj[Olet lines in an oxy- 
hydrogen flame. The name gallium 
was assigned to the new element in 
honour of France. Gallia is Latin for 
France. The discovery of gallium is 
significant in the history of chemistry 
since it brought widespread recogni¬ 
tion of Mendeleev's periodic system 
of the elements. The correspondence 
between the properties of gallium and 
the predicted properties of Eka- 
Aluminium by Mendeleev are remar¬ 
kable. For example, the metal pre¬ 
pared by Boisbaudran had a specific 
gravity of 4.7 Mendeleev had pointed 
out that gallium should have a spe¬ 
cific gravity of 5.9. Subsequent isola¬ 
tion of the pure metal with specific 
gravity of 5.94 confirmed this view. 

Properties 

Gallium isa silvery white metal with 
several exceptional properties. It is 


the only metal other than mercury 
and caesium having a very low melt¬ 
ing point (29.78°C), but in contrast to 
mercury, it wets glass readily. Of all 
the elements, gallium has the longest 
liquid interval (boiling point >2200'’C). 
It is readily, supfrcooled down to a 
temperature as low as—120°C. The 
pure liquid may be held in an ice bath 
for days without crystallising. Liquid 
gallium expands during solidification 
(3.2%)— a property shared by only 
three other elements: antimony, bis¬ 
muth and germanium. The metal 
crystallises in the orthorhombic sys¬ 
tem and the crystal lattice .contains Qa 2 
molecules. Such coexistence of mole¬ 
cular and atomic structures is rarely 
observed, Gae molecules exist in the 
liquid state' f Iso. Since gallium melts 
and solidifies at temperatures prevail¬ 
ing during storage and transporta¬ 
tion, polyethylene containers are 
preferred. 

Crystals of gallium are aniso¬ 
tropic. The electrical resistances 
alcxig the three crystallogrphic axes 
are in the ratio 1:3.2:7. The ratio of 
maximum to minimum electrical res¬ 
istance in different directions is 7. 
This is the highest for any metal. Gal¬ 
lium diffuses very fast Into the crystal 
lattice of certain metals, particularly 
aluminium and makes them brittle. 
Because of this property, there are 
restrictions in airshipment of gallium. 
Gallium alloys readily with many 
metals. 


In its chemical properties gallium 
resembles zinc and is somewhat less 
reactive than aluminium. Like alumi¬ 
nium it is protected from air oxidation 
by a superficial film of oxide. Pure 
galliurn is slowly attacked by dilute 
mineral acids and alkalies at room 
temperature. It dissolves rapidly in 
hot concentratecf perchloric acid and 
aqua regia. The rate of reaction of gal¬ 
lium with acids and alkalies decreases 
considerably as the purity of gallium 
rises above 99.9%. 

Gallium oxide is amphoteric, but is 
more acidic than alumina. Hence 
gallate solutions are less susceptible 
to hydrolysis than aluminates. This 
difference in property is made use of 
in commercial separation of gallium 
from aluminium. Gallium reacts with 
halogens, except iodine, even in the 
cold. Gallium trichloride is soluble in 
many organic liquids which forms the 
basis for its use as a catalyst in 
organic synthesis. In hydrochloric 
acid medium GaCis forms the com¬ 
plex acid HGaClt which can be com¬ 
pletely extracted into isopropyl ether. 
Since aluminium is not extracted, Ga 
can be quantitatively separated from 
Al by this method. 


Occwrence 

Gallium was classified as a rareeie- 
ment for a long time after its discov¬ 
ery. Later it was found to be a fairly 
widely distributed metal, its abun¬ 
dance being approximateiy equal to 
that of lead and 30 times that of mer¬ 
cury. It occurs in nature in associa¬ 
tion with Zn, Ge or Al (its closest 
neighbours in the periodic system 
(Fig. 1). The ionic radius of Qa**(0.62 
A) isclosetothatof Af^O.57 A). Sub¬ 
stitution of Ga for Al ions is possible 
in the crystal lattices of aluminium 
minerals. However, t'hereare nomin- 
erals sufficiently rich in gallium to 
make its direct extraction economi¬ 
cally feasible. The only gallium min¬ 
eral, gallite (Cu Ga S3), which is rare, 
is found in Africa. Bauxite, the princi¬ 
pal ore of aluminium, contains 
. 0.001 %-0.008% Ga. 


Dr Iyer Is Scientific Officer in Chemistry Division. Bhebhe Atomic Heeeercn Centre,, Bombay-40008S. 
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Fig. 1. Location of Ga In the periodic table 


Production of gallium 

0 

Gallium is mainly recovered as a 
byproduct of the aluminium industry. 
In the Bayer process for preparation 
of pure alumina, bauxite is dissolved 
in caustic soda, and aluminium oxide 
trihydrate is precipitated by seeding 
and cooling. The mother liquor is 
recycled for dissolution of more 
bauxite. After several cycles, gallium 
builds up in the liquor to an equili¬ 
brium concentration of 0.1 g/litre. 
Gallium can be recovered from the 
liquor by either carbonation or amal¬ 
gam method. 

Since gallia is more acidic than 
alumina, controlled carbonation of 
Bayer liquor gives a precipitate rich in 
AI(OH> 3 ,Gallium rich concentrate is 
obtained at the end which is.dissoived 
in NaOH and electrolysed to get 
metallic gallium. 

The amalgamation method is based 
on selective extraction of metals by 
mercury followed by their selective 
dissolution from the amalgams formed. 
It makes use of the difference in solu¬ 
bilities of different metals in mercury 
and their potentials foreiectrodeposi- 
tion on. mercury. A familiar example is 
the industrial production of caustic 
soda and chlorine employing mer¬ 
cury cells. The reversible deposition 
potential of sodium from IM solution 
of sodium chloride is about —2.7 
volts, but as a result of formation of 


compounds (NaHg^ and NSsHg) which 
are soluble in mercury, appreciable 
discharge of sodium ions occurs even 
at —1.2 volts. Due to the high over 
voltage for deposition of hydrogen on 
mercury (-6.8 V) simultaneous dis¬ 
charge of Na and hydrogen can 
occur. 

The solubilities of gallium and 
aluminium in mercury at 25°C are 
1.3% and 0.003% (W/W) respectively 
while the standard potentials for 
deposition from alkaline solutions are 
-1.22 and -2.35 volts respectively. 
Electrodeposition of Al from aqueous 
solution is not possible due to the 
large negative value of the electrode 
potential. Though the gallium con¬ 
centration in Bayer liquor is very low, 
electrodeposition is made feasible by 
the solubility of gallium in mercury. 
However, the current efficiency is low 
( 5%) due to the side reactions,viz., 
deposition of sodium and evolutionof 
hydrogen 

Recovery of gallium from Bayer 
liquor is carried out by using a mer¬ 
cury cathode and nickel or stainless 
steel anode. The optimum conditions 
are: cathode current density, lA/dm*. 
Temp., SO^-eoSc. During the process 
both the electrolyte and the mercury 
are stirred. When the gallium content 
in the amalgam attains a value 
of 0.5%, gallium is leached out from 
the amalgam with sodium hydroxide 
in presence of graphite or iron as a 
catalyst. The sodium gallate solution 
thus obtained is electrolysed with 
stainless steel electrodes to get 
metallic gallium. The amalgam 
method is non-destructive and the 
liquor after recovery of gallium is 
recycled for processing fresh bauxite. 

Indigenous production of gallium 

India has a large aluminium indus¬ 
try. the chief producers being Hin¬ 
dustan Alumunium Co.. (U.P.), 
Madras Aluminium Co., (Tamil 
Nadu). Indian Aluminium Co., (West 
Bengal) and Bharat Aluminium Co., 
(M.P.).The total installed capacity is 
about 0.3 million tonnes which 
requires processing of about2miflion 
tonnes of bauxite. India is very rich in 
bauxite Bihar, Goa, Gujarat, Karnat¬ 


aka. Madhya Pradesh, Maharashtra 
and Tamil Nadu are the states from 
where the ore is being exploited pres¬ 
ently. There are promising reserves in 
Andra,Pradesh. Kerala, Uttar Pradesh 
and Jammu Kashmir. The reserves of 
bauxite of all grades have been esti¬ 
mated at 1250 million tonnes. 

The potential availability of gallium 
as a byproduct of the aluminium 
industry is estimated at 3000 kg/year. 
Process for the recovery of gallium 
from Bayer liquor by deposition on 
mercury cathode was developed at 
the Bhabha Atomic Research Centre 
(BARC), Bombay, and the Central 
Electrochemical Research Institute, 
Karaikudi. Based on the process 
developed at BARC, HINDALCO is 
presently producing kilogram quanti¬ 
ties of gallium. Work on the setting up 
of a pilot plant at HINDALCO is in 
progress. 

High purity gallium 

The major use of gallium is in the 
semiconductor Industry which 
requires gallium of 99.999% purity or 
higher. Partial purification of the 
metal is achieved by washing with a 
mixture of nitric acid and hydroch¬ 
loric acid (1:4 ratio-F equal volume of 
water) and filtering through sintered 
glass plates. The purity of the metal 
rises to 99.9%-99.99%. The methods 
described in literature for preparation 
of high purity gallium include electro¬ 
lytic refining, heating the metal under 
vaccum, zone refining of gallium 
metal as well as gallium trichloride, 
fractional distillation of gallium trich- 
ioricte, etc. The process developed at 
the Bhabha Atomic Research Centre,- 
Bombay, involves the following steps: 
(1) chlorination of commercial gal¬ 
lium at 200‘'C-300“C, (2) Fractional 
distillation of gallium trichloride. (3) 
Conversion of gallium trichloride to 
sodium gallate by treatment with 
sodium hydroxide. (4) Electrolyses of 
sodium gallate by using gallium 
cathode, and platinum anode and (5) 
Anodic polarisation of gallium in 4 
NHCl. By using this process, gallium 
of 99.999% purity is being prepared at 
the Spbcial Materials Plant, Nuclear 
Fuel Complex, Hyderabad, of the 
Deptt. of Atomic Energy. 
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USM 

High purity gallium (99.999% or 
higher — total impurity content 10 
parts per million or less) is used in the 
semiconductor industry.' It is a dopant 
for making p-type semiconductors 
The major requirement is in the form 
of compound semiconductors (lll/V 
compounds), the most important 
being gallium arsenide and gallium 
phosphide. Many mixed compounds 
like Ga As,.,P,^. Gav^AI,, As and Gax 
ln,,xPyAsi.y are also used. All these 
are employed for making light emit¬ 
ting diodes (LEDs) and semiconduc¬ 
tor lasers. A familiar use of LEDs is in 
digital displays. The mechanism by 
which LEDs concert electricity into 
optical radiation is explained below 

All technologically important LEDs 
are p-n junction diodes. The band gap 
in them is large compared to the ther¬ 
mal energy at room temperature 
(band gap of GaAs=1.4 eV); n- or p- 
type semiconductors is obtained by 
incorporating into the host crystal 
.mpurity elements with more or fewer 
.alency electrons than are required 
tor bonding of the impurity atom into 
he crystal structure (Fig<2). 

The impurity levels that are useful 
.‘or LEDs and lasers are usually shal¬ 
low. The forward biasing of the junc¬ 
tion diode causes current to flow and 
results in the injection of carriers 
".cross the p-n junction (Fig.3). Emis¬ 
sion of electromagnetic radiation 





Fig. 3. p-n Junction after application of 
forward bias 

may result from electronic transition 
from a higher to a lower energy state. 



E=energy of transition. h=Planck’s 
constant, c=velocity of light and 
e=wavelength of photons emitted. If 
recombination of the injected carriers 
(hole and electron) occu rs by a radia¬ 
tive transition, light of approx, the 
band gap energy is generated. If a 
useful fraction of this light can escape 
into the surroundings, the device is an 
LED. 

In recent years, there has been con¬ 
siderable progress in the develop¬ 
ment of telecommunication systems 
with optical fibres. These consist of 
three components; light source, detec¬ 
tor and transmission medium. The 
light sources include LEDs and injec¬ 
tion laser diodes while glass fibres 
form the transmission medium. Sil¬ 
icon semiconducting devices are 
used as detectors. The potential for 
lightwave communications is enor¬ 
mous due to the very high information 


carrying capacity of visible and 
infrared radiations as compared to 
radiowaves. For example, modulated 
infrared radiation from (Ga.Ai) As 
laser can transmit speech over 20,000 
telephone channels. Optional com¬ 
munication systems which use 
InGaAsP laser diodes have been 
installed in Japan. The total world 
wide fibre optics systems production 
IS estimated to reach $1.5 billion by 
1990. 

Microwave ' oscillators, high 
temperature rectifiers, solar cells and 
fast switching integrated circuits 
employ GaAs or GaP. MgGa spinel 
doped with Mn is used as a green 
emitting phosphor for luminescence 
tubes in copying machines. Ga is 
used as a thermometric standard, its 
melting point of 29.7714‘’C is used as 
a thermometric fixed point between 
O^C and lOO^C. Gadolinium gallium 
garnet is a magnetic material used in 
the manufacture of computer memo¬ 
ries. Gallium finds application as a 
thermometric liquid in quartz ther¬ 
mometers for measuring tempera¬ 
tures between 600®C and 1500‘’C. Low 
melting alloys of Ga are used in cold 
soldering of metallic and ceramic arti¬ 
cles. Some alloys of gallium are used 
in dentistry. 

Conclusion 

The world consumption of gallium 
in the late 1950s was below 100 
kg/year which has increased to more 
than 15 tonnes/year in recent years. 
Presently, the indigenous require¬ 
ment of high purity gallium is only in 
kilogram quantities. The technology 
for the production of LEDs and high 
intensity solar cells is being deve¬ 
loped by the Central Electronics Ltd., 
Sahibabad, U.P. Hence the demand 
for gallium is expected to go up con¬ 
siderably in the near future. 

Further reading 

1. Sheka, I.A., Chaus, I.S. and Mityu- 
eva, T.T., The chemistry of gallium, 
Elsevier Publishing Company, Ams¬ 
terdam (1966). 

2. Kirk-Othmer Encyclopedia of 
Chemical Technology, 3rd Edition, 
Vol. 11, p.604-619 (1980). 
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THE ENIGMATIC THYROID 
HORMONES 


Thyroid is the most investigated and the least understood V.K. PATHAK 

of all the endocrine glands * ^ p *-r. 


T hyroid is present m all verte¬ 
brates and has the credit of being 
the most investigated (and less 
understood!) of all the endocrine 
glands. In man and other mammals. 
It is bilobed and is found attached to 
the anterior part of the trachea. Histo¬ 
logically, thyroid gland is composed 
of follicles consisting of epithelial 
cells (columnar orcuboidal) that sur¬ 
round a central lumen filled with a 
'proteinaceous substance known as 
colloid (also called thyroglobulin) 
Thyroglobulin is glycoprotein having 
lodinated ammo acid molecule(s) 
(referred to as tyrosyl or tyrosine 
residues) with carbohydrate moieties 

Hormonogenetis 

In the presence of enzyme systems 
e g , peroxidase and lodinase, dietary 
iodine circulating as inorganic iodide 
(I"), IS oxidized to elemental iodine 
(I 2 ). Tyrosine residue is first lodinated 
to monoiodotyrosine (MIT) and then 
to diiodotyrosine (DIT). Molecules of 
MIT and DIT are coupled (enzymati¬ 
cally) to form triiodothyronine (T 3 : 
MIT+DIT) or tetraiodothyronine 
(also called thyroxine (T„, DIT + DIT). 
The synthesized hormone(s) (T 3 or 
T 4 )^which is stored as collqid is 
released after proteolytic degrada¬ 
tion of the thyroglobulin by pinocyto- 
S 4 S and finally diffuses into plasma 
MIT and DIT are generally not 
released into circulation. Unutilized 
MIT and DIT are deiodinated, and 
resulting iodide is retained and form 
part of the thyroid iodide pool. 
Obviously^ T 3 and T, are the thyroid 
hormones present in the blood. 


Transport of thyroid hormones 

In blood, albumins, prealbumins 
and globulins are the carrier proteins 
for thyroid hormones While globul¬ 
ins (TBG) are the principal carrier of a 
large percentage of thyroid hor¬ 
mones (both T^ and T 3 ), very small 
amount of the hormones is trans¬ 
ported in blood bound to albumins 
and prealbumins. However, binding 
capacity of TBG is greater for T^ than 
Tj At peripheral level thyroid hor¬ 
mones are freed from protein carriers 
and after passing through capillary 
walls, impinge on cells of the tissues 

Thyroid fuiHStions 

Thyroid hormone(s) has multiple 
physiological effects. However, its 
metamorphosing effects in amphibia 
and stimulatory action on oxygen 
consumption and growth of homeo- 
therms and poikilotherms are best 
known examples. Besides these, 
many other metabolic processes 
such as intermediary metabolism, dif¬ 
ferentiation of growing animals, brain 
maturation, reproduction, etc., are 
also influenced by thyroid. 

Clinical abnormalities 


Improper functioning of thyroid 
leads to disturbances in animal physi¬ 
ology, Classically, hyper and hypo¬ 
functioning of thyroid are referred to 
as hyper and hypothyroidism, respec¬ 
tively. The former results from exces¬ 
sive and the latter from suboptimal 
production of thyroid hormone(s). 


(A) Hyperthyroidism Nervousness, 
anxiety, tachycardia (excessive rapid 
heart action), enhanced basal meta¬ 
bolic rate (BMR), excessive sweating 
increased appetite with weight loss 
and fine tremor of the outstretched 
hand with prominence of eyes are 
mam symptoms observed in hyper¬ 
thyroidism These abnormalities are 
also sometimes termed as thyrotoxi¬ 
cosis. Thyrotoxicosis in early life 
leads to delayed sexual maturation 
whereas after puberty it influences 
reproductive function especially in 
women. Nymphomania (excessive 
sexual desire in females), disturbed 
menstrual function, impaired fertility 
and threatened abortion may result 
from thyrotoxicosis in females. How¬ 
ever, increased libido may occur in 
both sexes. Severe thyrotoxicosis, if 
not treated, leads to cardiac irregular¬ 
ities and death. 

(B) Hypothyroidism. In contrast, 
hypothyroidism is characterised by 
apathy, lethargy, somnolence (astate 
of dissociated conciousness in which 
sleeping and walking states are com¬ 
bined), decreased BMR. cold intoler¬ 
ance, bradycardia (slow heart rate), 
weight gain and constipation. Hypo¬ 
thyroidism before puberty results in 
the disease cretinism Cretins fail to 
attain normal physical and or mental 
development. In adults hypothyroi¬ 
dism causes myxoedema. Low BMR 
obesity and coarsening of features 
are common symptoms of this dis¬ 
ease. Female myxoedematous com¬ 
plain of hyperamenorrhea, male 
patients of impotence, and both sexes 
of decreased libido. Major cause of 
hypothyroidism is prolonged iodine 
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Table 1. Circulating free thyroxine 
(FT*) and triiodothyronine (FTs) 
concentrations In different thyroi¬ 
dal status of man 


Thyroid Status 

FT, (pg/ml) FT, fpg/ml) 

Euthyroid 

7 5-17 0 3 5—6.5 

Hypothyroid 

1—5 0—3 

Hyperthyroid 

26-60 18—40 


Based on reference Ellis & Ekins, (1973) 


deficiency which ultimately renders 
thyroid hyperplastic. Decreased level 
of thyroid hormone(s) in blood 
results into increased pituitary thyro¬ 
tropin (TSH). In response to increased 
TSH stimulation thyroid gland be¬ 
comes progressively larger and con¬ 
sequently goitre develops. In chronic 
hypothyroidism impaired level of 
conciousness, cardiac arrhythmia 
and hypothermia may prove fatal. 

Ecology and thyroid function 

In certain areas (Himalayas, for 
example) where dietary iodine is defi¬ 
cient, there is large incidence of 
endemic goitre. But goitre may be 
absent in some individuals of these 
areas. It is due to preferential secre¬ 
tion of T 3 by thyroid. It is postulated 
that (a) the saving of one iodine per 
molecule,(b) the greater metabolic 
activity of T 3 .and (c) its more rapid 
turnover results in a more economical 
expenditure of available iodine. Such 
an increase in the efficiency of iodine 
utilization leads to apparent adapta¬ 
tion of three individuals to chronic 
dietary iodine deficiency without the 
usual thyroid hypertrophy (endemic 
goitre) Adaptive instances of thyroid 
have been reported from other geo¬ 
graphical regions also. 

Assessment of thyroid function 

Generally, assessment of thyroid 
activity in health and disease involves; 
(a) test thyroid hormone effects 
and/or. (b) determination of thyroid 
hormone levels. 

A, h)lagnus-Levy, a German physi¬ 
cian in 1895, was first to introduce the 
use of basal metabolic rate as a con¬ 
venient and effective method for 


determining level of thyroid function. 
Since several endocrine and non- 
endocrine factors including age, sex 
and environmental temperature, etc., 
interfere with metabolism, this age- 
old-test lost preference (but not valid¬ 
ity) in favour of more sophisticated 
methods, viz., plasma protein bound 
iodine (FBI), isotope labelling and 
radioimmunoassay (RIA),etc. 

(A) P8I and radioiodine ('^'1 and 
’"/) methods. Taking into considera¬ 
tion that thyroid hormone(s) in blood, 
like many other hormones, is trans¬ 
ported bound to plasma proteins, a 
method was evolved to determine the 
plasma PBI. Generally, high and low 
PBI reflectshypo and hyper functions 
of thyroid, respectively. But since PBI 
may be high in conditions of low thy¬ 
roid activity also, this method is no 
longer satisfactory for determination 
of thyroid activity. 

Iodine trapping is a unique prop¬ 
erty of thyroid gland. This specificity 
of thyroid for iodine led to the use of 
radioiodine (’®’l and ’*’ 1 ) for direct 
estimation of thyroid function. Radio¬ 
iodine uptake reflects the activity of 
the iodine pump and organification 
steps in hormone biosynthetic path¬ 
way. Generally, hypothyroidic patients 
have low radioiodine uptake while 
hyper-thyroidics higher than the nor¬ 
mal (Euthyroidic) subjects. However, 
since the rate of radioiodine trapping 
gives a gross account of iodine utili¬ 
zation and not of the changes in thy¬ 
roid hormone levels, this method too 
is not reliable for test of thyroid 
activity. 

(B) Radioimmunoassay (RIA) 
methods. In 1960s taking hint from 
R.S. Yalow and S. Berson's sugges¬ 
tion (at Mount Sinai School of Medi¬ 
cine, New York) for measurement of 
plasma insulin by radioimmunoassay 
(Yalow won Nobel Prize in 1977 for 
discovering this method), thyroid 
physiologists employed a similar 
method for determination of thyroid 
hormones in animals. Success of this 
revolutionary and specific method 
was largely due to the earlier demon¬ 
stration of immunological property of 
thyroxine and use of this property for 
measurement of concentrations of 
thyroxine by Prof. R P. Ekins at Mid- 


T^l« 2. Qrculattng total thyroxirw 
(t T*) and triiodothyronina (s- Ts) 
coneantrationa in euthyroidic, 
hypothyroidic and hyparthyroldic 
human tub)actt __ 


Thyroid Status 

74 (ng/ml) 

Ta (ng/ml) 

Euthyroid 

40—120 

0.75-1.75 

Hypothyroid 

25-80 

0.3—0.8 

Hyperthyroid 

110—400 

2—10 


Based on references Evered, (1975): 
Larsen, (1978) 


diesex Hospital Medical School, Lon¬ 
don. RIA procedure has been widely 
adopted in recent years for the study 
of concentrations, sources and meta¬ 
bolism of thyroid hormone(s) and 
many of its metabolites, and is the 
most evolved method available for 
such studies on thyroid. 

Neverthless, the drawback with 
conventional RIA is that it fails to 
detect free and bound hormone(s). 
Since, it is the free amount of any 
hormone which is physiologically 
active at peripheral level, and not that 
which remains bound to its carrier 
protein(s) the existing RIA technique 
has been suitably modified. This 
modification of RIA enables measure¬ 
ment of free T4 and Ts concentrations 
for sensitive and accurate estimation 
of thyroid activity. Table 1 summa¬ 
rises concentrations of plasma free T 4 
and T 3 in different thyroid conditions. 

In brief, results of various assays of 
thyroid hormone(s) have indicated 
that low serum T 4 and Ta concentra¬ 
tions are generally found in hypothy¬ 
roidism while low serum T 4 and 
normal Ta concentrations are asso¬ 
ciated with mild thyroid failure. How¬ 
ever, normal T 4 and elevated Ta 
concentrations are observed in some 
instances of: (a) hyperthyroid state, 
(b) thyroid autonomy with euthyroi- 
dism, and (c) compensatory euthyroi- 
dism. Elevated T 4 and Ta concentra¬ 
tions are however found in hyper¬ 
thyroidism. Table 2 summarises the 
concentrations of plasma T 4 and Ta in 
hyper, hypo and euthyroidic s ubjects. 

Recent developments 

Knowledge of thyroid physiology 
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Fig. 1. Structural formulae lor different iodothyronines and analogues detectable in 
human circulation 


has progressed rapidly in the past 30 
years, 

T* and fa. In retrospect, until 1949 
thyroxine was believed to be the sole 
hormone of thyroid gland and the 
direct initiator of thyroid hormone 
action at peripheral level. However; 
the situation changed and it was dem¬ 
onstrated in 1950 by J. Gross and R. 
Pitt-Rivers at Department of Anat¬ 
omy. State University of New York 
College of Medicine, New York City, 
thatTa is an active biological principle 
of thyroid, and that T 4 is a large prec¬ 
ursor pool for maintenance of con¬ 
stant effective thyroid hormone con¬ 
centration in the animals. This was 
followed by a revolutionary landmark 
in 1970 provided by L.E. Braverman 
and colleagues at St. Elizabeth Hospi- 

Fig. 2. Metabolism of thyroxine (T*) by 5— 
iii') and S' — daiodination (s.) 


tal. Brighton, Massachusetts. They 
demonstrated peripheral conversion 
of T 4 intoTs in athyreotic human sub¬ 
jects receiving highly purified thyrox¬ 


ine. This discovery raised two 
questions. ( 1 ) to what extent T 4 is 
converted into T 3 ,and (2) whether the 
conversion of T 4 intoT^ is a prerequi¬ 
site for metabolic action of thyroid. 

y—Ts, Ti, Ti and To and fatty acid 
analogues of 74 . The search for an 
answer to the first enquiry led to the 
discovery of some more peripheral 
converts (besides Ta) of thyroxine. ln 
this class are included tetrac and triae 
(fatty acid analogues of T 4 ) and iodo- 
thyronines,viz., reverse-Ts (VTi), Ta, 
Ti and To. The latter (T-Ta. etc.) are 
produced by progressive deiodina- 
tion of T 4 . Fig. 1 summarises the 
structural formulae for iodothyro¬ 
nines and analogues detectable in 
human circulation. 

Presence of "y—Ta in blood was first 
doubted in 1956 by J. Roche and 
coworkers at Qiochemic generate et 
Compar^e, Collie de France, Paris. 
But Prof. I.J. Chopra and colleagues at 
the UCLA Schoof of Medicine. Los* 
Angeles, have recently quantified both 
7-Ta and Ta in human circulation 
using specific RIA techniques. Bio¬ 
chemically, the only difference bet¬ 
ween Ta and y-Ta is that in the former 
phenolic ring and in the latter tyrosyl 
ring T 4 is deiodinated at position 5 
This results in an arrangement where 
f-Ta has two iodine atoms in the outer 
ring and one in the inner ring In con¬ 
trast, in Ta the arrangement is just 
opposite tO' 7 .-T 3 see Fig. 1 ). Both Ta 
and 7 -T 3 may further be deiodinated 
to 3,5—, 3,3— and 3-5 diiodothyro- 
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Fig. 3. Quantitation of metaboiic pathway of thyroxine in human subjects {From Chopra 
et a/.. 1978) 


nine (T 2 ) than to 3 and 3'—lodo- 
thyronine (Ti) and finally to thyronine 
(To) (Fig. 2). Less than 5% of T 4 is 
transformed into tetrac and triac. 
However, in starvarion this pathway 
may increase slightly About 33% of 
the T4 from thyroid is transformed 
into To while 48% is used for v-Ts pro¬ 
duction. Some percentage out of the 
rest 14% (approximately) of is 
transformed into T 2 , Ti. and To and 
the remaining percentage is metabol¬ 
ized (largely in liver and kidney) as 
such (Fig. 3) 


Relattve potencies of thyroid hormones 

The question whether conversion 
of T4 into To is a prerequisite for meta¬ 
bolic action of thyroid hormone has 
not been fully resolved yet. However, 
among the various lodothyronines 
present in plasma only To, T 4 , triac 
and tetrac have calorigenic activity. 
Reserve -To, 3-3' —T 2 , 3-5' —T 2 , 3' 
~T 1 and To are inactive in calorigene- 
sis. although reportedly they may 
possess some metabolism stimulat¬ 
ing properties. The relative potencies 
with respect tocolorigenesisof T3,T4. 
triac and tetrac are approximately 
300 100 21 11, respectively. From 
these data, it is evident that To is more 
active than T 4 . In instances where 
there is caloric deprivation, peri¬ 
pheral metabolism is shunted from 
activating to inactivating pathway. As 
a result, more r—To than To is pro¬ 
duced from T4. 

Mechanlwn of action 

A unified model for mechanism of 

SCIENCE REPORTER 


action of thyroid hormone(s) which 
could effectively explain its role in 
metamorphosis, growth and in oxy¬ 
gen uptake has not emerged so far 
Possibly two mechanisms are involved 
in thyroid hormone(s) action: one 
which concerns growth and meta¬ 
morphosis, and the other, oxygen 
consumption. 

Receptors to thyroid hormones 
have been detected in cytosol nucle¬ 
us and mitochondria Binding of free 
hormone(s) to receptor(s) is a prereq¬ 
uisite for expression of physiological 
effect of the hormone. Credit goes to 
Dr. J.R. Tata of the National Institute 
for Medical Research, London, for 
establishing this involvement of DNA 
dependent RNA synthesis in thyroid 
hormone action. Recent studies indi¬ 
cate that thyroid hormones bind 
directly to the non-histone acidic pro¬ 
teins associated with chromatin in the 
nucleus. The association of hormone 
molecule with the receptor (nuclear 
binding proteins) follows structural 
change in the chromatin that influen¬ 
ces transcription of specific genes. 
Subsequent to this, mRNA and pro¬ 
tein synthesis takes place. This stimu¬ 
latory role of thyroid hormones on 
protein synthesis may account for its 
role in growth and in amphibfan 
metamorphosis. 

Earlier concept that thyroid hor- 
mone(s) uncouples oxidative phos¬ 
phorylation at the respiratory chain 
has been discarded because this 
mechanism of action was later found 
to be pharmacological in nature. 
According to recent findings, in ther¬ 
mogenesis (homeotherms) and in 
oxygen consumption (poikilotherms) 
thyroid hormone(s) may have two 
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types of responses. In one instance, 
the action is immediate and occurs 
within hours or even minutes, and in 
,the other it may express after a long 
period The latter may or may not fol¬ 
low the former, or, the latter may 
express itself even if the former is 
absent. In the first instance, the action 
of the hormone is directly on the mito¬ 
chondrial respiration and in the other 
the effect occurs via time consuming 
process of protein synthesis. 

Feedback control 

Under environmental stimuli,viz., 
temperature, lightandfood,etc ,TRH 
(thyrotrophin releasing factor) is 
secreted from the hypothalamus 
This influences anterior hypophysis 
to produce enhanced amounts of 
TSH (thyroid stimulating hormone or 
thyrotrophin) TSH stimulates hor- 
monogenesis and release of thyroid 
hormones (To and T 4 ) from thyroid. 
Excess amount of circulating thyroid 
hormone(s) exerts inhibitory effect 
both at hypothalamus and hypophy¬ 
sis. As a result, there is decrease in 
TRHandTSH This is known as nega¬ 
tive feedback Decreased level(s) of 
To and T 4 in plasma stimulates TRH 
production which in turn enhances 
TSH concentration This is called 
positive feedback. 

Antithyroid drugs 

Pharmacological agents like pro¬ 
pylthiouracil, thiourea, iopanoicacid, 
etc. have been shown to inhibit peri¬ 
pheral conversion of T 4 into To by 
about 60%-70%. These agents are 
called goitrogens and are helpful in 
treating hyperthyroidism besides 
being useful as thyroid blockers in 
research. 

Thyroid physiology 

Thyroid has undergone significant 
changes in its physiological rolefrom 
lower to higher vertebrates. Its calori¬ 
genic role in fish is still disputed. 
However, it contributes greatly in 
electrolyte and water balance of 
fishes. In larval amphibians, it con¬ 
trols metamorf^osis and in adult 
amphibians and reptiles regulates 
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oxygen consumption at higher 
temperatures. In birds like mammals 
It contributes significantly to repro¬ 
duction and thermogenesis. Exten¬ 
sive work in the past two decades by 
J. P. Thapliyal, A. Chandola 
and associates at Banaras Hindu Uni¬ 
versity have provided significant 
information on thyroid physiology of 
tropical reptiles and birds. A signifi¬ 
cant role of thyroid in reptilian repro¬ 
duction, oxidative metabolism and 
hibernation has been reported. In 
addition, role of thyroid in hemopoie¬ 
sis, intermediary metabolism, ther¬ 
mogenesis and reproduction of 
migratory and non-migratory birds 
has been worked out. Recently it was 
reported that in migratory red headed 
banting (Embenza bruniceps), 
increase incirculatingTa (determined 
by RIA) is an important cause of pre- 
migratory fattening and nocturnal 
restlessness (zugunruhe)—the two 
.prominent characteristics of migra¬ 
tory disposition in birds. 
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SCIENCE SPECTRUM 

Archaeology—the science of 
reading the past 


T he objective of an archaeologist 
is to reveal the whole pattern of 
human development and evolution of 
civilization. In this respect the mod¬ 
ern archaeologists have taken on 
something of the questing spirit of 
science—science to unearth the bur¬ 
ied archaeological remains, dating, 
estimation of age and sex determina¬ 
tion in earlier men, environmental 
studies, etc. To be more precise, what 
the archaeologist is able to conclude 
about the past depends to a great 
extent on the successful completion 
of these tasks. For this reason they 
are not content to wait on accidental 
discoveries or even to dig into monu¬ 
ments merely because they hap¬ 
pened to be visible, instead they strive 
to recover the precise evidence they 
need wherever tfiis may exist. In this 
respect the archaeologists are now 
applying the most sophisticated tech¬ 
niques. viz., magnetic and resistivity 
surveying for archaeological dis¬ 
coveries. 

Magnetle survey 

Magnetic surveying is an important 
and highly developed aspect of geo¬ 
logical prospecting. It is a general 
observation that when a lump of 
crude clay is heated to a dull red hot 
stats, it acquires a weak permanent 
magnetism on cooling. This pheno¬ 
menon is called 'Thermo-remanent 
magnetism'. Most soil, clay and roCks 
are expected to contain significant 
quantities of magnetite and haematite 
which are iron oxides. They are uni¬ 
formly dispersed in fine grains. Each 


grain of haematite forms a magnetic 
domain: within a domain the magnet¬ 
ism is uniform. In unbaked clay the 
domains point in random directions 
and due to this their magnetic effect 
cancels out. However, at a high 
temperature, the intrinsic magnetisa¬ 
tion of each domain weakens and 
some domains are aligned along the 
lines of force of the earth's magnetic 
field. After cooling, the domains 
remain in this lined-up position and, 
also, the intrinsic domain magnetisa¬ 
tion returns to its normal value. As a 
result, the net magnetic effect is 
appreciable because of the additive 
property of the aligned domains. 


Acquisition of thermo-remanent 
magnetism of baked clay is shown in 
Fig. 1. This thermo-remanent mag¬ 
netism of a kiln of fired structures dis¬ 
torts the earth's magnetic field from 
normal in the vicinity of.the archeo¬ 
logical features. The deviation from 
normal of the magnetic intensity is 
measured using very sensitive meas- 
iiring instruments such as proton 
magnetometer, proton gradiometer, 
etc. 

A magnetometer is a simple instru¬ 
ment forcomparing magnetic intensi¬ 
ties. The proton magnetometer 
consists of a bottle of water or al cohol 
around which an electric wire is 
wound. The magnetic intensity is 
deduced from the behaviour of the 
protons which form the nuclei of hyd¬ 
rogen atoms in the liquid of the bottle. 
The instrument is capable of detect¬ 
ing a change of 1 gamma in the field 
strength [1 gamma-0.00001 oersted 
(CGS e.m.u.)). 

Magnetic surveying is a useful 
method of finding kilns as well as in 
finding pits. There is no known case 
of a pit going undetected using this 
technique. 

Raalativlty survey 

Resistivity surveying is another 
method of detection of buried archaeo- 
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logical remains. This is made effec¬ 
tive by measuring the electrical 
, resistivity of the soil. Soil resistivity 
measurement has been used as a 
geological and civil engineering aid 
since the second decade of the cen¬ 
tury, but no one applied it in archaeol¬ 
ogy until 1946 when R.J.C. Atkinson, 
a British archaeologist, first used the 
method in his excavation at Dorches¬ 
ter, Oxfordshire. The technique was 
tried because of the need to locate as 
quickly as possible filled in ditches 
and pits, visible only as crop marks 
from the air. The success of the 
method was remarkable and led to its 
application on other sites. 

The principle of soil resistivity mea¬ 
surement is based on its ability to 
conduct electricity. The electrical 
conductivity of soil is due to water in 
the interstices which contain salts 
dissolved from the material and 
humic acids of biological origin. Now, 
if a voltage is applied between two 
electrodes connected to different 
points on the mass of soil, electric 
current will flow between the elec¬ 
trodes. Unlike a wire, the current does 
not pass straight from electrode to 
electrode but spreads out into many 
curving paths through the earth as 
shown in Fig.2a. The resultant volt¬ 
age difference between two inner 
points is measured by inserting two 
different probes in-between. The 
presence of an archaeological sam¬ 
ple, being more resistive than normal 
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soil, causes distortion of the regular 
current pattern (Fig. 2b) and conse¬ 
quent anomalies in readings from 
intermediate probes. Based on this 
principle,, some instruments, viz.. 
Megger Earth Tester, Tellohm, etc., 
have been developed for resistivity 
surveying. 

After detection of 'the buried 
archaeological remains, the archaeolo¬ 
gist is primarily and specifically con¬ 
cerned with archaeological investi¬ 
gations regarding the time scale of 
unearthed tools, weapons, utensils, 
ornaments and human skeletal 
remains. 

Radio-carbon dating 

All living matter contains a small 
but practically constant proportion of 
the radioactive isotope of carbon, C'*, 
which is produced by cosmic ray 
bombardment of nitrogen atoms in 
the outer atmosphere. After the death 
of an organism, the radioactive car¬ 
bon in its tissues is no longer replen¬ 
ished from the atmosphere and 
disintegrates at a cormtant rate. The 
quantity is halved in5600years. Thus, 
by measuring the radioactivity of the 
carbon extracted from an ancient 
specimen of organic origin itsagecan > 
be calculated. By this process archaeo- 
gists are able to estimate the age of at) 
unknown sample. 

This process Is, however, not suita¬ 
ble for ageing inanimate objects. So 
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other methods are suggested for thi? 
purpose, viz., thermb-remanent m^- i 
netic dating for kilns, technique of 
thermoluminescence for dating pot- ! 
tery, etc. > 

Assigning sex 

An archaeologist is often con¬ 
fronted with the problem of assigning 
sex to a bone and the only practical 
way in which this can be accomp¬ 
lished isby combining measurements 
and morphological observations in a 
fashion as logically valid as possible. 
They mainly depend on some statisti¬ 
cal procedures. For example, 

A scapula is female if 

(i) the breadth of the glenoid fossa 
is less than 2.61 mm; 

(ii) the height of the bone is less 
than 14.4 mm; 

(iii) the length of the spine is less 
than 127.9 mm; and 

(iv) the weight is less than 38.58 g. 

A scapula is male if 

I * 

(i) the breadth of the glenoid fossa 
is greater than 2.68 mm; 

(ii) the height of the bone is greater 
than 15.75 mm; 

(iii) the length of the spine is 
greater than 141.4 mm; and 

(iv) the weight is greater than 
61.78 9 

(The above data have been taken 
from Genove's; "Sex Determination in 
Earlier Man", Scieijce in Archaeol- i 
ogy, Thames and Hudson.) For verify- • 
ing sex of archaeological remains, . 
new statistical procedures are being : 
suggested and they areappliedtodif- f 
ferent parts of the skeleton such as i 
skull, sternum, pelvis, etc. i 

Another important aspect in > 
archaeological investigation is the < 
study of ancient metals. Historical ' 
development of human civilization ' 
has been standardized in the ’ 
sequence; Neolithic Age, Bronze Age ' 
and Iron Age. But within it our inter- ' 
pretations are constantly shifting. For 
example, spectroscopic analysis has ’ 
revealed that in many regions the first ' 
use of metal is among cultures gener- ! 
ally styled ‘Neolithic’; though the i' 
metal was copper, not bronze. In this 
respect, optical spectroscopy reveals ,< 
many things we would never know ' 
merely by looking at them. 
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sounds generated preceding earth¬ 
quake seems to be the best possibil¬ 
ity. felt the investigators, which was 
subsequently supported by other 
independent studies elsewhere. David 
Hilt, a U.S. Geological Survey scient¬ 
ist, says that there are sufficient rum¬ 
blings and low frequency sounds 
generated preceding earthquakes. 
These low frequency sounds (50-70 
hertz) similar to thunder can be 
picked up by animals tike pigeons and 
kangaroo rats, according to Buskirk. 

Chance observations in another 
earthquake in Mogave Desert added 
credence to this concept of the 
animal sensitivity to seemingly minor 
tremors that humans cannot per¬ 
ceive. Most of the aftershocks of the 
earthquake were simultaneously 
picked up by dogs with their unusual 
barkings and seismographs by their 
whirring. It was only later that the 
impact was felt by investigator Donald 
Steirman, awakened by the incessant 
barking, and checking up for confir¬ 
mation with the seismograph record¬ 
ings. Steirman says that some earth¬ 
quake^ may not have appreciable 
foreshocks but the preceding after¬ 
shocks are sufficient to incite anxiety 
and fear among the more sensitive 
animals resulting in their unusual atti¬ 
tude. This IS confirmed by the chorus 
of barking of dogs with the whirring of 
seismographs during the earthquake, 
he observed. 

Research programs on earthquakes 
predictions correlated to unusual 
animal behaviour have received a fed¬ 
eral support of a mere $200,000 until 
last year, according to Jack Everden 
of the U.S. Geological Survey. This, 
as he says, is not because of the skep¬ 
ticism about the earthquake-animal 
interaction but there are not just suffi¬ 
cient numbers of credible research 
proposals, although a growing seg¬ 
ment of scientists is involved in it. 
Besides, as biologists among the 
earthquake scientists complain, their 
physicist colleagues consider anim¬ 
als less appealing than their sophisti¬ 
cated electronic gadgetry for reli¬ 
ability. consistency and handling. But 
as a scientist puts it, if the machines 
are ever shown to miss a clue that the 
uncanny animals are able to pick up 
there would not be a dearth of physi¬ 
cists to take this seriously. 
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Seismologists involved in earth¬ 
quake prediction programmes were 
under fire recently for an incorrect 
earthquake prediction, as it occasion¬ 
ally happens. On June 28 last year, an 
earthquake of 3.0-8.0 on the .Richter 
scale off the Peruvian coast was pre¬ 
dicted by Brian Brody of the U.S. 
Bureau of Mines. Since it was more 
than 6.5 Richter considered “sig¬ 
nificant" according to the U.S. Geo¬ 
logical Survey definition, the Peru¬ 
vian government took measures and 
mobilized the anti-quake machinery 
into action on a war footing for the 
earthquake that never came' An 
embarrased U.S. Geologicai Survey’s 
National Earthquake Prediction Eva¬ 
luation Council expressed an unam¬ 
biguous regret ‘‘that an earthquake 
prediction based on such speculation 
and vague evidences has received 
widespread credence" This has raised 


again the vexing question of scient¬ 
ists ‘responsibility to public informa¬ 
tion particularly when it concerns 
someone's pocket book or health. As 
a leading earthquake scientist. C.B. 
Raleigh wrote {Science, 213 (1981) 
p. 397):scientists are always under 
pressure to release observations and 
conclusions prematurely when the 
information has direct impact on the 
lives of public. Since in the litigious 
American society little allowance is 
rhade for human errors, if they have a 
substantial impact on someone's 
pocket, he suggests some legal pro¬ 
tection against a possible ill-timed or 
erroneous predictions. 


K. Satyanarayana 
Indian Council ol Medical Research 
Ansari Nagar 
New Delhi-110029 


Does blue light enhance dark respiration? 


T IERE is no doubt that all 
living organisms respire 
and such respiration is associated 
with the degradation of energy-rich 
substances via glycolysis and tricar¬ 
boxylic acid cycle (Krebs cycle), with 
concomitant formation of "energy 
currency" called adenosine triphos¬ 
phate (ATP) by the mitochondrial res¬ 
piratory chain. The mitochondrial 
respiration is generaliy called dark 
respiration. The quantitative determi¬ 
nation of dark respiration can be 
made on the basis of uptake or 
COj output or substrate decrease- 
all of which are affected by photosyn¬ 
thesis. The problem of quantitative 
determination of dark respiration 
could have been tackled with the use 
of carbon and oxygen isotopes. But 
such approaches became further 
complicated because of the existence 
of light- dependent respiration cailed 
photorespiration in green plants. 
Photorespiration is characterized by 
the oxidation of photosynthetic by¬ 
product glycolate to glyoxylate which 
is transaminated to glycine. All these 
reactions occur in a separate orga¬ 
nelle called leaf peroxisome. The 
conversion of glycine to serine and its 
subsequent decarboxylation takes 
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place in mitochondria Photorespira- 
tion, therefore, gives rise to Oj con¬ 
sumption as well as additional pro¬ 
duction of COj. It becomes apparent, 
therefore, that determination of dark 
respiration wili be interfered by pho- 
torespiration and earlier results on 
the course of dark respiration in the 
iight appear more or less undepen¬ 
dable. 

Research reports indicate that pho¬ 
tosynthesis greatiy influences dark 
respiration. But some conflicting 
reports are also encountered. Thus a 
light-dependent decrease in O^- con¬ 
sumption has been observed, and 
interpreted as the result of an inhibi¬ 
tion of dark respiration deriving from 
interactions with photosynthesis. 
However, experiments with labeled 
substrates, intermediates of glycoly¬ 
sis and tricarboxylic acid cycle, and 
specific inhibitors have led to the 
assumption that glycolysis as well as 
the tricarboxylic acid cycle may pro¬ 
ceed equally well in darkness and in 
light. Even an enhancement of dark 
respiration during photosynthesis 
has also been reported. Thus the mat¬ 
ter is far from settled. 

The matter is further complicated 
by the proven existence of two more 
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light effects on carbohydrate degra¬ 
dation. which appear to be independ¬ 
ent of photosynthesis, inducible by 
blue light only, they either lead to 
remarkable enhancement or to an 
inhibition of substrate oxidation. 

Enhancement of dark respiration 
by blue light 

The question whether the influence 
of light on dark respiration in green 
organisms is an indirect one coming 
through photosynthesis or a more 
direct effect on substrate degradation 
can be tackled by using cells unable 
to photosynthesize. Such cells can be 
obtained from nonphotosynthetic 
mutants of unicellular green algae or 
from poisoned tissues unable to pho¬ 
tosynthesize or from etiolated (dark 
grown yellowed) tissues. There are 
some mutants of unicellular green 
algae (Chlorella, Scenedesmus and 
Euglena), which are nonphotosyn¬ 
thetic because of lack of photosyn¬ 
thetic apparatus or photosynthetic 
pigments Irradiance of all these per¬ 
manently or temporarily nonphoto- 
synthesizmg colls causes a greater 
loss of reserve carbohydrates than in 
darkness. The extra loss is accom¬ 
panied by an enhanced output of CO^ 
by a proportional increased con-" 
sumption of O^. Experiments using 
various specific inhibitors of glycoly¬ 
sis, Krebs cycle and photorespiration 
suggest that it is dark respiration 
which IS increased on illumination of 
the mutant algae. This enhancement 
(usually 3 to 4 times) is characterized 
by four distinct properties: (1) a 
gradual initial period of adjustment, it 
takes 5 to 10 minutes from the begin¬ 
ning of irradiance until a stabilized 
enhanced rdte is established: (2) a 
typical wavelength dependence—only 
wavelengths of the blue part of the 
visible spectrum are effective with 
maxima around 460 nm and 370 nm; 

(3) a low energy requirement; and 

(4) a gradual decline of the light- 
enhanced rate in following darkness 
i.e., after turning the light off, the 
enhanced O, uptake begins to drop 
immediately. However, it takes sev¬ 
eral hours before it reaches the low 
level of a dark control. In green non- 
photosynthesizing Chlorella, blue 
light leads to an increase In dark res¬ 
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piration,. In photosynthesizing Chlo¬ 
rella and Scenedesmus, an enhance¬ 
ment of dark respiration by blue light 
has recently been reported. In short, 
in plants, an additional degradation of 
carbohydrates takes place even dur¬ 
ing photosynthesis, and in all proba¬ 
bility it IS caused by blue light only 
precluding the possibility of photo- 
synthetic involvement. 

Possible mode of action of blue 
light 

The exact mechanism by which 
blue light acts to increase the degra¬ 
dation of reserve carbohydrates is not 
known Several hypotheses have 
been put forward to explain the mode 
of action of blue light which may be 
.briefly discussed. 

(1) Influences on ATP levels: Inall 
cellular synthetic processes. ATP is 
required It has been observed that 
blue light enhances the ATP- con¬ 
suming synthesis of several nitroge- 
ous substances in the cytosol The 
depletion of ATP caused by such 
synthetic activity in the cytoplasm will 
speed up the glycolytic glucose deg¬ 
radation via control of allosteric regu¬ 
latory enzymes (eg., phospho- 
fructokinase). Experimental evidence 
in support of this hypothesis is not, 
however, unequivocal and sometimes 
conflicting results have been reported. 
Blue light might also influence intra¬ 
cellular ATP distribution so that the 
overall amount of ATP determined 
would not necessarily indicate an 
increased level at the point of respira¬ 
tory regulation. It is tempting to spec¬ 
ulate that there might be a carotenoid- 
dependent blue .light-driven proton 
pump generating ATP found in some 
organisms. 

(2) Influences on respiratory enzy¬ 
mes: In the nonphotosynthetic 
mutant of Chlorella, blue light has 
been shown to enhance the turnover 
rates of several respiratory enzymes 
such as pyruvate kinase, aldoiase, 
nicotinamide adenine dinucleotide 
(NAD)— linked isocitrate dehydroge¬ 
nase and the starch-breaking enzyme 
amylase. The activity of the enzyme 
pyruvate kinase increases up to 100% 
by blue light and this enzyme exhibits 
a comparably low activity in the dark 
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and this is predestined to act as a reg- ' 

ulatory site in glycolysis. Wavelength 
and intensity dependencies of the 
blue light enhancement of its tur- i 
nover rate coincide nicely with those ^ 
of increased dark respiration, provid¬ 
ing a correlation between both events. 
However, turnover rate and Oj uptake 
rate have not been found to be com¬ 
parable in many instances. The possi¬ 
bility of modifications of membrane- 
bound enzymes via structural altera¬ 
tions of the membrane by blue light 
cannot be ruled out. Some experi¬ 
mental evidence lends support to this 
hypothesis. 

(3) Influences on intracellular 
compartmentation: Some authors 
assume that the.enhanced degrada¬ 
tion of carbohydrates under blue light 
depends on a greater flow of sub¬ 
strate fro[n the storage compartment. 

In non-photosynthetic Chlorella 
mutant, an enhancement in con¬ 
sumption IS brought about not only 
by blue light, but also by external 
application of glucose. It has been 
shown that the activity of pyruvate 
kinase IS enhanced probably to 
increase affinity of the enzyme toward 
phosphoenol pyruvate and de novo 
synthesis of the enzyme It is postu¬ 
lated that in blue light an increased 
supply of substrate in the cytosol 
induces pyruvate kinase biosynthe¬ 
sis, thereby contributing to the total 
enhancement of dark respiration. The 
way blue light might act in changing - , 
properties of compartmentalizing 
membranes is far from clear. Because 
of Its wavelength dependence, light- : 
enhanced respiration could be I 
mediated by carotenoids or flavins. A i 
definite conclusion appears impossi- i 
ble as the absorption spectra of both s 
these compounds are very much 
active I 

I 

What is the physiologicat signifi- ; 
cance of blue light-enhanced 
dark respiration? 

The actual significance of blue ? 
light-enhanced dark respiration is not i 
clearly understood. It may be assumed ' 
that there might be some light- 't 
dependent regulatory mechanism in 
green plants that governs the fate of , 
their photosynthetically produced ! 
substrates, and a connection between 
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enhanced dark respiration and the 
formation of the photosynthetic 
apparatus. Enhancement of dark res¬ 
piration is considered a part of a fun¬ 
damental morphogenetic effect of 
blue light, and influences on trans¬ 
cription and translation of genetic 
code are assumed Besides these, the 
maintenance of photosynthetic appa¬ 
ratus also appears to require blue 
irradiation. Blue-green light is known 
to improve the quantum efficiency of 
photosynthesis in red light, and the 
distribution pattern of newly fixed 
carbon in red or blue light is also dif¬ 
ferent. In red light there is an accumu¬ 
lation of labelled sugar phosphates 
but there occurs an increase in 
radioactivity in malate, aspartate,and 
glutamate (respiratory intermediates) 
in blue light Because preillumination 
with blue light resufis in comparable 
changes in fixation products in sub¬ 
sequentdarkness or in red light, some 
light-dependent "conditioning" of the 
cell for nonphotosynthetic carbon- 
incorporation appears to be affected 
by blue light. An indirect effect of blue 
light on amino acid synthesis has also 
been indicated Much work remains 


\ 

Mutual shading 

I N undisturbed natural habitats, the 
land is generally covered by a conti¬ 
nuous carpet of vegetation so that 
newly germinated seedlings have to 
compete with plants that already exist 
there. Because all green plants need 
light for carbon assimilation, shaded 
plants generally increase their rate of 
growth in an attempt to grow taller 
than their neighbours. In such plants, 
most of the available food is used up 
in the growth of the central axis, caus¬ 
ing suppression of lateral branches, 
flowers and fruits. Readers having 
experience of gardening may have 
observed that seedlings growing in 
shade are tall, but with th^p stems and 
fewer branches, while seedlings 
receiving full sunshine are relatively 
short statured, sturdy and with many 
branches. Although plants receiving 
more light assimilate more food, the 
morphological difference in the two 
categories of'plants is not a result of 
the differential food availability, but 
the result of a special mechanism 


to be done to justify the significance 
of blue light enhanced dark respiration. 

Inhibition of dark respiration by 
blue light 

In addition to enhancement, light, 
particularly the blue light at high 
intensity, is known to inhibit Oj 
uptake and/or COj output in various 
organisms. Destruction of cytoch¬ 
romes has been found responsible for 
the inhibition of dark respiration by 
blue light. Nothing certain is known 
about the consequences of this phe¬ 
nomenon. Present suggestions and 
specualtions include mainly mor¬ 
phogenetic effects for enhancing and 
entrainment of biological rhythms for 
the inhibitory influence of shortwave 
visible radiation. 


Sasadhar Jana 
Research Associate 
Monojit A Chouohuri 
Professor 
Deptt. of Botany 
University of Burdwan 
Burdwan 713104 


and crop yield 

which regulates growth under shade 
and light. 

Light transmitted through a canopy 
of green leaves is not only weaker, but 
IS also qualitatively different from the 
natural light above the canopy 
Owing to the presence of chlorophyll 
and carotenoids in green leaves, the 
canopy absorbs very strongly in the 
spectral bands lying between 400and 
500 nanometers (blue light) and 
between 600 and 700 nanometers 
(red light). All green plants contain in 
their cells a proteinous pigment 
called phytochrome, which helps 
plants in distinguishing between nat¬ 
ural sunlight and that transmitted 
through green leaves. Phytochrome 
does this by comparing the intensities 
of red (600 nm to 700 nm) and far red 
(700 nm to 800 nm) portions of the 
spectrum with each other Phytoch¬ 
rome occurs in two interchangeable 
forms, namely the red light absorbing 
(Pf) and the far red light absorbing 
(Pif) ones. By absorbing red light Pf is 


converted into Ptt and by absorbing 
fac red light, Pir Is converted into Pr. 
This reaction can be illustrated by the 
following equation: 

far red lignt 

Each form of phytochrome has its 
own effect on plant development. The 
red absorbing from causes plants to 
grow like shaded plants, while the far 
red absorbing form causes them to 
grow like plants receiving natural 
unfiltered light. The proportion of the 
red and far red light in the incident 
radiation determines the proportions 
of Pir and Pf in the plant cell and 
thereby also the mode of development 
of the plants. 

Although plaqts keep growing con¬ 
tinuously, the magnitude of growth 
taking place during night is higher 
than that during daytime Since there 
is no light during night, the nocturnal 
growth and development are regu¬ 
lated by the quality of light received 
by the plants before the onset of 
darkness Thus, if the last light 
received before nightfall is light trans¬ 
mitted through green leaves, the 
growth and development occurring 
during the night are like those of a 
shaded plant, while, if the last light of 
the day is that coming directly from 
the sky, "the growth and development 
during the ensuing night are like 
those of an unshaded plant This phe¬ 
nomenon too IS governed by phyto¬ 
chrome. 

Althdugh, in nature, a young 
seedling has to compete for light with 
older plants surrounding it, the com¬ 
petition that occurs in cultivated crop 
plants IS generally among plants of 
the same age Jind same species. 
Therefore, every crop species has its 
own recommended plant population 
density. In a crop planted too densely, 
the plants start shading each other at 
an early stage and the ensuing com¬ 
petition for light causes them to grow 
mainly in height, without developing 
lateral branches or reproductive 
organs. Such a crop would thus pro¬ 
duce mainly stalks and leaves, but 
hardly any gram or seed. If. on the 
other hand, the plants in a crop are 
too far apart, they would not cover the 
entire areaof the field, so that the light 
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would fall on the ground, without 
being intercepted by the leaves, and 
would be wasted. 

Because plants having thin and 
narrow leaves intercept less light, 
plants having such leaves can be 
planted very densely. Wheat, onion, 
garlic, sorghum, sugarcane, etc.,are 
therefore generally planted under 
population densities of more than a 
hundred thousand plants per hectare. 
Broad leaf crop species like cotton, 
sesame, castor, maize, etc.,cannot 
stand such high plant population 
densities and are therefore grown 
under plant population densities of 
much less than 100,000 plants per 
hectare. 

An exception to this general rule is 
some of the leguminous plants, like 
soyabean, groundnut phaseolus 
beans, cowpea etc. In spite of being 
broad leaf plants, they are regularly 
planted at population densities of 
250,000 plants/ha, and experiments 
have shown that their seed yield 
increases with increasing population 
densities even upto 500,000 plants/ha. 
Assuming that these plants pos¬ 
sess a mechanism for avoiding the ill 
effects of crowding, a research pro¬ 
ject was undertaken at this Institute in 
order to discover this mechanism 

It would be beyond thescope of this 
article to go into the details of all the 
experiments undertaken in this con¬ 
nection, but their outcome was the 
discovery that the nyctinastic leaf 
movements shown by these plants 
enable them to survive under such 
dense stands without suffering the- 
adverse effects of crowding. 

Leaf nyctinasty in leguminous plants 
is manifested by a movement of the 
leaves, which causes leaf laminae to 
assume a vertical orientation at or 
soon.after sunset. Actual measure¬ 
ment of light intensity above and 
below the leaf canopy of a densely 
grown groundnut crop showed that, 
during daytime, when the leaf lami¬ 
nae were horizontally oriented, hardly 
10% of the incident light reached the* 
ground, whereas, after sunset, when 
the leaf laminae had assumed a verti¬ 
cal orientation, almost 70% of the 
incident light could pass unabsorbed 
through the canopy. It was therefore 
argued that the nyctinastic leaf move¬ 
ments allowed the last daylight to 
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penetrate down to all the lower 
organs of these plants, causing the 
red absorbing form of phytochrome 
(Pr) in them to be converted into the 
far red absorbing form (Pir). As a 
result of this transformation, the 
growth and development that take 
place during the night are like those 
of unshaded plants. Experiments 
conducted by the author with arti¬ 
ficial sources of light confirmed this 
hypothesis. 

It has already been mentioned 
above that agriculture generally 
involves the raising of a single crop 
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species in a relatively dense stand. 
Therefore, mechanisms like leaf nyc¬ 
tinasty, which help plants in avoiding 
unnecessary competition among 
members of the same species, are of 
great importance to agricultural 
scientists. Our Institute is engaged 
for the last ten years in investigating 
these phenomena and we have rea¬ 
son to believe that there are still a few 
more discoveries to be made in this 
field. 

A.D. Kahve 
Nimbkar Agri. Res. Institute 
Phaltan 415523 (Maharashtra) 


Sow plants in a pattern for the 
best use of sunlight 


T he radiation from.gun is the pri¬ 
mary source of energy which 
sustains organic life on earth. Energy 
from sun reaches earth in the form of 
radiation of different wavelengths. 
Almost 99 per cent of sun’s radiation 
is between 0.15 microns and 4.0 
microns known as shortwave radia¬ 
tion. (Table 1) 

Ultraviolet (UV) rays are* very 
active chemically and excess expo¬ 
sure to them is detrimental to plants 
However, the atmosphere is a regula¬ 
tor. A very small amount of ultraviolet 
rays normally tolerated by the plants 
reaches the earth's surface. The part 
of the spectrum on the opposite side 
of UV rays is known as infrared and is 
the longwave radiation. Infrared radi¬ 
ation has thermal effects upon plants. 
In the presence of water vapour, this 
radiation does not cause any harm to 
plants, rather it supplies the neces¬ 


sary thermal energy to plant environ¬ 
ment. The middle is the visible part of 
the spectrum which is light. All plant 
processes are directly oi indirectly 



Fig. 1. Round-about method of sowing 


Table 1 t 


Spectrum 

Wavelength 

(microns) 

% energy 

Gamma rays, X-rays and ultraviolet rays 

hO.005-0.20 

0.5 


0 20-t0 30 

1.5 


0,30-0.40 

8.0 

Visible rays 

0.40-^>.50 

16.0 


0.60—0.60 

13.5 


0.60-0 70 

10.5 

Far-red rays 

0.70-0,92 

18.0 

Infra-red rays • 

0.92—4.00 

32.0 
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Fig. 2. Uni-directional method of towing 

influenced by this part of the spec¬ 
trum The intensity of light is indis¬ 
pensable to photosynthesis It governs 
distribution of photosynthates among 
different organs of the plant. It also 
affects production of tillers, stability, 
strength and length of culms, yield 
and total weight of plant structures 
and size of leaves and roots. It means 
visible spectrum is essential for nor¬ 
mal growth and development of 
plants. Because photosynthesis, pho- 
toperiodism and phototropism depend 
upon photochemical reactions car¬ 
ried on by specific plant systems, 
which respond to different wave¬ 
lengths, the visible part of the solar 
spectrum affects plant life directly as 
compared to other segments of solar 
spectrum. Photosynthesis is possible 
only in the presence of sunlight. 
Further, within this segment of the 
spectrum, the red, the blue and the 
violet wavelengths are most assimila¬ 
ble The green part of light is least 
important for photosynthesis 
The dry matter of plants is pro¬ 
duced through photosynthesis, a pro¬ 
cess in which carbohydrates are 
synthesized from carbon dioxide in 
the presence of solar energy. There 
are several environmental factors 
which regulate the rate of photosyn¬ 
thesis. Solar radiation is the most 
important of these factors No doubt, 
it is abundant in India and other tropi¬ 
cal countries but its utilization by the 
crop may become a limiting factor At 
the ground level, the final light inten¬ 
sity IS usually below compensation 
point James Bonner (1962) working 
at California Institute of Technology, 
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Pasadena U. S. A., reported that 
photosynthetic rate of the foliageasa 
whole continues to increase upto very 
h igh light intensities as more leaves in 
the shaded parts of the crop canopy 
reach light saturation. In vewof this, it 
should be possible to increase crop 
yield by facilitating more penetration 
of sunlight in the crop rows by modi¬ 
fying the crop geometry consistent 
with solar geometry. Crop geometry 
can be modified through row orienta¬ 
tion. spacing pattern, adjustment of 
plant population and planting crops 
on sunny slopes. 

Row orientation 

Crop sown in north-south rows 
facilitates greater penetration of pho- 
tosynthetically active radiation than 
the one sown in east-west rows. The 
former pattern illuminates more parts 
of the plants and causes increased 
photosynthesis in the entire canopy 
as stated by Bonner (1962). The 
increased light penetration/photo¬ 
synthesis contributes directly to 
organic pool of plants. Working at 
Waite Agricultural ResearchJnstitute, 
Adelaide in South Australia. K. San- 
thirasegaram and J.N. Black (1968) 
reported that light penetration within 
the north-south rows was superior to 
those within east-west rows. Research 
work done by G.S. Dhijlon, Bhu- 
pinder Singh and D.S. Kler in 1979 at 
the Punjab Agricultural University. 
Ludhiana, also revealed that north- 
south rows intercepted more light for 
most part of theday. With north-south 
direction of rows plants utilize sun¬ 
light and moisture fully and are less 
subject to excessive heat. Crops 
grown in north-south direction, there¬ 
fore, give a slightly higher grain yield 
than those grown in east-west direc¬ 
tion. Increase in yield is highly corre¬ 
lated with the interception of solar 
energy. But even the plants sown in 
north-south rows do not make the 
best use of sunlight which is indis¬ 
pensable for plant growth. The plants 
in the rows get overcrowded and 
there is competition among them for 
light. Plants consequently attain more 
height to get light and there is lot of 
mutual shading of lower leaves As a 
result, they do not photosynthesize 
fully. Also, light falling in between the 



Fig. 3. Bl-direcllonal method of aowlng 

crop rows is wasted. Besides, plants 
do not get adequate space for proper 
tillering. Crop yields are lower than 
the potential. 

The present practice of sowing 
crops with the round-about method is 
still more defective. Because, in this 
method, the rows, in about half the 
area, are in east-west direction and in 
the remaining half in the north-south 
direction. The crop in the east-west 
rows does not make proper use of 
sunlight and gives lower yields. In this 
method, nearly 1/4 area is covered by 
doublesowing while making diagonal 
furrows where double quantities of 
^ seed and fertilfzer are put. As a result 
there is a greater overcrowding of 
plants in this area, and the plants 
attain a greater height. Farmers feel 
happy to see the vigorous vegetative 
plant growth and think that higher 
yields are obtained from this area. 
The reality is that individual plants do 
not attain proper growth and tillering. 
The crop lodges and yields low. This 
fesults in further lowering the yield of 
the crop. 

Keeping these points In view, 
experiments were conducted at the 
Punjab Agricultural University. Lud¬ 
hiana, for several years to find out the 
better method of sowing for higher 
yields. The results show that bi¬ 
directional method of sowing (with 
half the seed rate in one direction and 
remaining half in the other direction 
with rows at right angles to each 
other) has consistently given higher 
yields. This technology worked well 
in 17 crops and has given on an aver- 
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Fig. 4. Bidirectional sowing 


age more than 10 per cent increase m 
wheat yield, 23 per cent increase in 
hybrid bajra grains, 30.5 per cent 
increase in yield of gram and lentil, 
10-15 per cent increase in oat fodder, 
40 per cent m raya, 21 per cent in 
maize fodder, 24 percent in sorghum 
fodder and ISpercent in bajra fodder. 

Bi-directional sowing (cross- sow¬ 
ing) ensures a uniform distribution of 
plants over a given area and a better 
establishment of seedings at an early 
stage. It helps intercepts greater frac¬ 
tion of light. D.J.C. Friend (1965) 
while working at Plant Research Insti¬ 
tute, Ottawa (Canada), observed that 
tillering is dependent upon total 
radiant energy incident upon plants 
On the other hand, the sunlight that 
falls in between the rows in uni¬ 
directional sowing, particularly at 
early growth stage, is wasted. Re¬ 
search work done in the Department 
of Agronomy at Punjab Agricultural 
University, Ludhiana, by D.S. Grewal 
(1982) showed that light interception, 
being a function of plant population 
and plant growth, bi-directional sow¬ 
ing leads to increased interception of 
light at later stages of crop growth. 
Increased grain yield in bi-directional 
sowing is the result of uniform distri¬ 
bution of plants in a systematic 
manner, ensuring efficient use of soil 
moisture, nutrients and solar energy. 
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Research conducted by Texas Agri¬ 
cultural Experiment Station along 
with Soil and Water Conservation Div¬ 
ision, United States Department of 
Agriculture by K.B. Porter, M.E. 
Jensen and W.H. Sletten (i960) also 
advocated the need for uniform distri¬ 
bution of crop plants. Less intercep¬ 
tion of light by the uni-directional 
sowing leads to relatively more light 
penetration in crop rows which raises 
temperature near the ground level. 
This further enhances photorespirati- 
on/neaative contribution in lower 
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.eaves during day time. Grain and 
straw yield is decreased. During night 
hours, the thick crop canopy of bi¬ 
directionally sown crop saves crop 
from adverse eff^ts of low tempera¬ 
ture. The crop makes efficient utiliza¬ 
tion of microenvironment. Significant 
lower incidence of powdery mildew 
and brown rust was recorded in bi¬ 
directionally sown wheat at Punjab 
Agricultural University by D.S. Gre¬ 
wal (1982). The reason could be that 
in such crop canopy, the relatively 
lower movement of wind might have 
checked the conidia from being 
spread fast. More relative humidity in 
the bi-directionally sown wheat also 
checks the release of confidia from 
postulates. Higher interception of 
light by the bi-directionally sown crop 
could also have a detrimental effect 
on pathogens. This explanation seems ! 
to be more valid from the point of lower 
incidence of powdery mildew on up¬ 
per leaves which are fully exposed to 
sunlight. 

Working at Grahm Experiment Sta¬ 
tion at Michigan (U.S.A.),T.B. Sutton, 

A.L. Jones and L.N. Nelson (1976) 
reported that release of conidia is 
negatively correlated with relative 
humidity and leaf wetness. Infection 
of wheat with puccinia rusts is known , 
to increase under low light intensity. 

This was recorded at Institute of Phy- t 
topathological Research, Wagenin- i 
gen in Netherlands by R W. Stubbs in 
1967. Research work done at Punjab » 

Agricultural University. Ludhiana. » 



Fig. 5. 
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showed that although the number of 
weeds was not affected by bi¬ 
directional sowing, their dry weight 
was reduced. Smothering effect of 
bi-directional sowing on weeds seems 
due to increased competition because 
of higher plant population and unavail¬ 
ability of sunlight beneath the can¬ 
opy. Weeds which germinate at later 
stages of growth cannot get suffi¬ 
cient light under a crop canopy caus¬ 
ing weak growth and lower dry 
weight 

Row spacing 

Crop geometry can also be modi¬ 
fied to changing row to row spacing. 
Because, with a given number of 
seeds per unit area uniform distribu¬ 
tion of plants can be achieved by 
decreasing row spacing. This has 
been shown practically in German 
Federal Republic by G, Mulleand H J. 
Heege (1982) 

Adjustment of plant populatlqp 

Proper population of plants adjusted 
in a systematic manner la-a, field is 
necessary for efficient utilization of 
solar energy. In a very thin stand light 
energy thet falls on bare soil is 
wasted. On the other hand, in an 
excessively thick stand, lower leaves 
of plants fail to get adequate light for 
photosynthesis because of mutual 
shading Lower leaves are generally 
older with a lower photosynthetic 
capacity. Under low light intensity in 
a thicker stand, they become a drag 
on the plant due to loss of photosyn- 
thates in respiration causing poor 
gram yield per plant For higher gram 
yield, it IS necessary that optimum 
population of plants be uniformly dis¬ 
tributed over a unit area 

Planting crops on sunny slopes 

Light trapping is of prime impor¬ 
tance in temperate climates where 
growing period is comparatively shor¬ 
ter In such areas It can be made feasi¬ 
ble by taking into account solar angle. 
By proper slope m a particular direc¬ 
tion. flow of solar radiation or light 
intensity can be increased It can be 
done m the northern hemisphere by 
planting crops on southern slopes of 


east-west rows. The method is prac¬ 
tised in winter to get early crop of 
vegetables 

D. S Grewal 
Crop Ecologist 


I NDISCRIMINATE and persistent 
use of chemicals to control pest 
population cannot be considered 
ideal for two main reasons One, they 
contaminate the abiotic components 
of ecosystem and thereby biotic com¬ 
ponents through their passage from 
one individual to another m a food 
chain including man and, two, high 
incidence of resistance against the 
conventional chemicals, viz , orga- 
nochlorine and carbamates Although 
they cannot be dispensed with, there 
IS need for alternatives The genetical 
method aimed at producing repro¬ 
ductive failure or at replacing the' 
harmful by a harmless insect popula¬ 
tion seems to offer the greatest 
potential 

Sterile insect technique 

Insects can be sterilized by irradia¬ 
tion or by exposure to chemosteri- 
lants The purpose of such treatments 
IS to induce dominant lethal muta¬ 
tions in the gamete chromosomes 
which, when combined with those of 
the wild individuals, produce lethal 
effects in developing embryos When 
sterile males are released, the grea¬ 
test effect on reproduction will be in 
those insect populations in which the 
females mate only once In such 
cases a wild female mated with the 
sterile male will not subsequently 
mate with a fertile male and will lay 
only sterile eggs 

The choice of male insects for ste¬ 
rilization and their subsequent release 
IS based on the fact that the males 
usually play a less important role in 
transmission of human or animal dis¬ 
eases (tse-tse files are an exception in 
which both males and females suck 
blood and transmit trypanosomiasis) 
Males are also preferred because they 
disperse more and mate more fhaii 
once Therefore, the sex separation 


D.S. Kleb 
(Crop Ecology) 
Deptt. of Agronomy 
Punjab Agricultural University 
Ludhiana-141004 


technique is a usual requirement for 
large scale sterile insect release 
schemes 

Sterilization by irradiation 

For mass sterilization of insects the 
irradiation source should be of such a 
size as to permit exposure of a large 
number of insects in the shortest pos¬ 
sible time Gamma irradiators are 
almost universally used. Now-a-days 
compact, easy to transport sources 
are also available which are expen¬ 
sive, but last fora long time (''"Co has 
a half-life of 6 years and ”'Cs one of 
30 years) and involve little or no risk in 
their use In most insects, it appears 
that the minimum irradiation dosage 
required to sterilize males also steril¬ 
ized females This could be of advan¬ 
tage where sex-separation is difficult 
The screw-worm eradication cam¬ 
paign in the US is still remembered as 
one big success in the use of irra¬ 
diated insects In recent years, small- 
scale success has been achieved in 
employing this technique against 
desired species m different parts of 
the world 

Among the insects of public health 
importance, some attempts have 
been made to control the housefly 
(Musca domestica) and the blowfly 
{Lucilia sericata) by the release of 
irradiated males but without much 
success. It has been estimated that 
normal males successfully copulate 
6-12 times while the sterile males are 
capable of copulating only once and 
this does not necessarily prevent the 
female from subsequently accepting 
a normal male, or from producing via¬ 
ble offspring An attempt to control 
mosquito Culex pipiens fatigans in 
India by the release of 24,000 males 
irradiated at 7,700 rad over a period of 
35 days resulted in only 6% reduction 
in the hatching of egg rafts 
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Genetic control of insects 
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sterilization by chemosterilants 

Chemosterilants (chemical steriliz¬ 
ing agents) are relatively cheaper 
though they sometimes cause toxic 
hazards to man and his environment 
(they can be both mutagenic and car¬ 
cinogenic) at higher doses. Being 
toxic to all living organisms, they can¬ 
not be used in large-scale field appli¬ 
cations. Their ideal method of use is 
in combination with an efficient 
msect-specific attractant Such a 
method can do away with the neces¬ 
sity of having a factpry source of 
insects and special stenlization release 
procedures Unlike radiation, chem- 
osterilants seem to have less effect on 
the female than on the male insect 
This technique was employed to con¬ 
trol cotton boll weevils in the USA 
but tt,e achievements have never 

been very high 

0 

Hybrid sterility 

Hybrid sterility, a well-known bio¬ 
logical phenomenon, is the result of 
crossing two closely related species 
Such hybrids in addition to being ste¬ 
rile may show differences in such 
characters as enhanced size, longev¬ 
ity and even sexual activity The 
strength and stamina of the mule are 
well-known What is perhaps less 
known is the sexual aggressiveness of 
this animal which compels breeders 
to isolate it from the parent stocks of 
horses and donkeys. 

Such a combination of male hybrid 
sterility and vigour has been found to 
result from crosses between 5 sibling 
species of the Anophelese gambiae 
complex, some of which form the 
main malaria vectors of Africa The 
possibility of genetic control by ste¬ 
rile hybrids is also being investigated 
in A. punctulatus in different countries. 

Cytoplasmic Incompatibility 

Within some insect species, e g, 
Culex pipiens, crosses between var¬ 
ious populations are steriie. Sterility 
IS considered to be due to a cytoplas¬ 
mic factor transmitted through the 
egg which kills the sperm of the 
incompatible male after its entry into 
egg. Between some populations, ste¬ 
rility results in both directions, while 


in others it is seen in one cross but not 
in the reciprocal. Thus a potential 
exists for control by the mass rearing 
and release of male population in an 
area populated by incompatiblecros¬ 
sing types. Desirable genetic traits 
can be introduced into an incompati¬ 
ble strain without changing the 
incompatibility and so strains from 
temperate regions can be adopted to 
tropical environments. 

Translocations 

A common consequence of irradia¬ 
tion of cells is chromosomal break¬ 
age. If this occurs in two non-homo- 
logous chromosomes in the same 
cell, and the broken pieces get att¬ 
ached to the wrong partners, the 
reciprocal trartslocations result in the 
production of a proportion of unbal¬ 
anced gametes without a complete 
genetic complement. When these 
gametes fertilize normal gametes, 
nonviable embryos are produced For 
a single translocation, such semiste- 
rility is usually inherited by one half of 
the progeny of a heterozygous nor¬ 
mal mating. If an individual inherits 
the same translocation from both par¬ 
ents, It becomes a translocation hom¬ 
ozygote and may be normally fertile 
and viable (though most of them 
probably will not be so). The possibil¬ 
ity therefore exists of isolating such a 
homozygote, breeding it on a large 
scale and releasing it into a wild 
population 

A special type of translocation, a 
compound chromosome, is known in 
fruitfly (Drosophila melanogaster) 


C ERTAIN flowers develop some 
substances in self-defence. These 
substances are generally insecticidal 
and protect the beauty and scent of 
the showy flowers. Pyrethrum which 
has been found to possess insectici¬ 
dal principles is obtained from the 
floral heads of some members of 
Chrysanthemum,v\z.,C. cinerariaefo- 
Hum Vis. and C. santhemum cocci- 
neum Willd, etc. That certain types of 
Chrysanthemum do have strong dis¬ 
infectant ability remained a business 
secret known only to restricted peo¬ 
ple in Germany who imported the 
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and involves the exchange of whole 
chromosome arms between a homol¬ 
ogous pair. Mosquitoes are consi¬ 
dered good potential candidates for 
the isolation of such chromosomal 
exchanges. Compound chromosome 
strains breed true and are fully viable 
though their fertility is only 25% to 
50% of the wild type. When individu¬ 
als carrying compound chromosome 
mate with the wild type, however, no 
viable offsprings are produced. The 
hybrids die in the embryonic stage. 
Theoretically, if the compound strain 
is released into a wild population in 
excess of 4 times the number of the 
latter, it should replace the latter 
within a sniall number of generations. 
It would bean ideal transport mecha¬ 
nism for introducing conditional 
lethals (temperature sensitive or 
insecticide-susceptible genes) or 
other genes advantageous to man. 

In all the genetic methods dis¬ 
cussed above, such mechanisms as 
meiotic drive, sex distorters and spe¬ 
cies competition exist, but they 
remain to be convincingly demon¬ 
strated as practical methods. Man's 
ingenuity has been challenged and 
the challenge is being met. Whether 
nature will produce some resistance 
mechanism to such novel develop¬ 
ments remains to be seen. 

S C. Saxena 
Professor 
Phabhu N. Saxena 
Assff. Professor 
Department of Zoology 
University of Rajasthan 
Jaipur 302001 


powder of the Chrysanthemum head 
bearing 'Persian Insect Powder” as 
the trade name The powder was used 
forquite a long time in controlling bed 
bugs, bees, flies, etc. It was after the 
2nd World War that the trade of pyre¬ 
thrum spread to other countries like 
USA, Japan and Kenya which 
remained the chief supplier of pyre¬ 
thrum as the pyrethrum flowers were 
grown in steadily increasing scale 
there. 

The insecticidal factors are con¬ 
fined only to the flower heads and that 
before the appearance of themflores- 


Insecticidal principles in chrysanthemum 
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cences, roots, stems and leaves were 
devoid of insecticidal materials. The 
flower heads consisted more than 
90% of the insecticidal principles. 
Flower heads are plucked at a stage 
when the centrally located florets 
start to open. These flowers are artifi¬ 
cially dried {49*C-54.5®C) and baled 
for commercial purposes. 

• 

The active prindpies 

The active principles behind the 
insecticidal properties of the Chry¬ 
santhemum flowers came to recogni¬ 
tion in late fifties of the present 
century. It was found that a resiivlike 
toxic substance is responsible for the 
insecticidal properties of the flowers 
and this substance was found to be a 
mixture of esters. They fell under four 
categories: 

(i) Chrysanthemum monocarbox- 


M OST of'the nineteen species of 
the geniiis Vespa occur in Indo- 
Australian archipelago. Amongst the 
species reported from India—Vespa 
orientalis, Vespa tropica, Vespa affi- 
nis, Vespa basalts, Vespa manadarina 
—the iast one is commonly distrib¬ 
uted and easily distinguishable from 
others by its gigantic size, the deeply 
incised clypeus and the enormously 
developed genae (Fig. 1). Its body 
weight is almost twice that of other 
species. (True wasps com'prise only 
the families Masaridae. Euminidae 
and Vespidae; to the latter family 
belong the species of subsocial and 
social wasps.) 

Wasps, It general, exhibit certain 
interesting aspects of stinging. Gen¬ 
erally a wasp 'guard' is at the nest 
entrance with its head facing out¬ 
wards. The common task of such sen¬ 
tries is to keep an eye on the incoming 
and outgoing traffic. In case of any 
danger or an attack on the nest, the 
'watchman' alerts other wasp workers 
inside by ejecting a drop of venom. 
The venom contains certain volatile 
substances called ‘alarm substances' 
the odour of which apparently serves 
to warn other members. 
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ylic acid, ester of pyrethrolone, 
called, Pyrethrin I. 

(ii) Chrysanthemum monocarbox- 
ylic acid, ester of cinerolone, called, 
Cinerin I. 

(iii) Chrysanthemum dicarboxylic 
acid, ester of Pyrethrolone called 
Pyrethrin II. 

(iv) Chrysanthemum dicarboxylic 
acid, ester of cinerolone called 
Cinerin II. 

In recent years attempts have been 
made to search out more, wild germ- 
plasms of Chrysanthemum and to 
establish newer varieties keeping in 
mind not only the beauty and weight 
of flowers but also the amount of the 
insecticidal principles'they possess. 

R.P. Upadhyaya 
R.C. Upadhyaya 
Deptt. of Botany 
Patna University 
Patna-80d005 


Another cofnrhon feature fojund in 
various wasp species is the foraging 
behaviour, The foraging distance 
determined in various species by 
employing metal labels revealed that 
about 80% of the workers foraged 
within 335m from the nest. Besides 
the insect and other arthropod bodies 
which served as protein source, 
wasps also visit butcher shops and 
fish markets. Many have observed 
their attacks on beehives which lead 
to extermination of the bee colonies. 
The attacks on bees are very syste¬ 
matic and occur in following steps; a 
hunting phase which involves visiting 
a beehive, lying in wait, catching a 
bee and carrying it to a nest; the 
second, a slaughter phase in which 
the wasps kili the bees at the entrance 
and the slaughter continues till most 
of the bee population is terminated. In 
the invasion phase, wasps forcefully 
enter the hives and seize the pupae 
for food. This tendency often poses 
problems for the bee keepers. 

In contrast to this, wasps show 
markedly different reactions to dis¬ 
turbances of their nests. They sav¬ 
agely attack intruders close to the 
colony entrance. The wasps imme¬ 
diately respond to a disturbance to 
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the nest structure. Alarmed wasps 
rush out; once the intruder is located 
the closest wasp starts stinging, the 
others also try to sting. This is due to 
the presence of volatile substances in 
the venom which act as an indicator 
for other wasps. 

Instances of wasp stinging have 
been recorded all ever the world ever 
since the Biblical times. Clinical man¬ 
ifestations ,of Vespidae sting are now 
well-known and depend mainly on 

1. the species of the stinging wasp, 

2. the depth of the sting, 3. localisation 
of the sting. 4. number of stings 
received^and 5. the sensitivity of the 
victim. Local symptoms include acute 
pain, edema and rise in temperature 
at the site of the sting. Hemorrhage 
and formation of papulae at the sting 
site may also occur. Unusuai swelling 
at this place may persist for severai 
days and spread to adjacent areas. 
Generalised symptoms as a result of 
systemic effects are mostly related to 
the topic of action of various venom 
components. Cytolytic, hemolytic, 
neurotoxic and hemorrhagic action 
may be observed. Lowering in blood 
pressure, bronchospasm, hemoglo¬ 
binuria, paralytic and hemiplegic syn¬ 
dromes have also been noticed aftera 
wasp sting. In some cases, secondary 
infections have also been noticed to 
follow because of the scavenging 



Fig. 1. Vespa mandarina 
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nature of the waspsand consequently 
greater chances of bacterial contami¬ 
nation. Even some protein allergens 
have been found to be responsible for 
sensitisation as fractions.of wasp 
venoms, separated by chromatogra- 
phical techniques, were seen as 
active components in various skin 
tests. 

The components of wasp venom 
known to cause such toxic 
actions are many and include low 
molecular weight substances such as 
acetylcholine, histamine, serotonin, 
catecholamine, kinin as well as high 
molecular weight proteins mainly 
enzymes like cholinesterase, phos¬ 
pholipases, hyaiuronidase, proteases, 
poly-and disaccharidases^etc. 

The amount of acetylcholine found 
in species like y. oriantalis is quite 
high. However, the origin of acetyl¬ 
choline in wasp venom is not under¬ 
stood. It is not yet clear whether ^e 
venom gland possesses choline ace- 
tyltransferase activity responsibie for 
acetylcholine synthesis. Histamine 
also occurs in extremely high con¬ 
centrations. Its presence in venom 
probably must have been designed by 
nature to victimise primarily arthrop¬ 
ods rather than human beings. In the 
latter, histamine contributes exten¬ 


sively to cause painful reaction and 
local vasodilation. With regard to 
serotonin, there is a total lack of 
knowledge concerning its synthesis 
and metabolism; probably this amine 
promotes intracellular penetration of 
the venom by increasing cell per¬ 
meability. Catecholamines (dopam¬ 
ine, noradrenaline, adrenaline) are 
comparatively a recent discovery in 
wasp venom components, their con¬ 
centrations vary rather uneveni/ 
among different wasp species. There 
are suggestions that catecholamines 
ensure a rapid spreading of other 
toxic components of the venom after 
the sting. There are also postulations 
that these substances bring about 
local vasoconstriction and concomit¬ 
ant reduction of local blood flow 
which prevents rapid destruction of 
other venom algogens by the host 
enzymes. 

Amongst the high molecular weight 
substances—phospholipases have 
been studied extensively. Their phar¬ 
macological effects include in vitro 
and in vivo hemolysis, liberation of 
biologicaliy active substances, lower¬ 
ing of blood pressure,etc. One can 
also envisage their contributory role 
in disruption of neuromuscular trans¬ 
mission. Concerning the role of hya¬ 


iuronidase, it has been considered 
responsible for spreading of venom 
through depolarisation of mucopoly¬ 
saccharides in and around the site of 
the sting. Wasp venom proteases are 
also assumed to be capable of 
splitting—a wide range of substrates, 
considering the role of venom to the 
victim's proteinic tissue. 

Summarising, the overall 
pharmacological effects of wasp 
venom after the sting can be related 
to; 

1. Cardiovascular system (hypot¬ 
ension, hemolysis, hypergiycemia, 
increase in permeability of microvas- 
cular vessels, anticoagulant activity 
etc.): 

2. Respiratory system (broncho- 
constrictive, respiratory arrest); 

3. Striated muscle (paralysis); and 

4. Vision system (ocular irritation). 

VniNDA Khole 
Depti of Zoology, Univ. of Poona 
Puna-411 007 
ViJAY Khole 
Lacturar 
Dapttof Ufa Sc/encps • 
Univ. of Bombay, Vidyanagari j 
Santacruz(E) 
Bombay-400 098 


Molecular Biology Unit 

TATA INSTITUTE OF FUNDAMENTAL RESEARCH 

Advertisement No. 26/84 

If you are a student in the second year M.Sc. or equivalent with a very good academic record and a strong interest in 
doing research in biology, you can apply to spend about six weeks next summer working at the Molecular Biology U nit 
'of the Tata Institute of Fundamental Research. The areas in which' you can work will include biochemistry, 
.-developmental biology, moldcular genetics and neurobiology. To be considered, send the following in an envelope 
addressed to The Administrative Officer (Establishment), Tata Institute of Fundamental Research, Homi Bhabha Road, 
Bombay-400005, so as to reach him before February 28,1985:— 


1. An authenticated copy of your bio-data and academic record; 2. An autobiographical essay, one or two pages long; 
3. A clear statement of purpose as to why you are interested in coming here (this should be in about 250 words);4. A* 
choice of dates; indicate a continuous period of six weeks between 1st May and 31st July. 1985 which would suit you . 
(give one or two alternatives, because a hostel room may not always be available; if you do not need accommodation, 
say so). 

The envelope should have the words ‘Molecular Biology Summer Programme’ ciearl/ written on the outside. In 
addition, request two persons who are acquainted with you academically to send letters of recommendation ifi a 
similarly superscribed envelope directly to the above address, also before February 28. 1985 . Selected candidates will 
be informed individually. During the period of their stay here, they will be paid a stipend of Rs. 500/- per month, return 
second class rail fare from their place of residence, and, if they want it, will be provided hostel accommodation at their 
own cost (this will work out to about Rs. 150/- a month or lass). 


OCTOBIft 1M4 


M3 


SCIENCE REPORTER 




MEDICAL NOTES 


High consumption of 
animal protein and fat 
may lead to colon cancer 

E PEDEMIOLOGICAL study sug¬ 
gests that the development of 
human colon cancer is associated 
with high consumption of animal fat 
and protein, especially beef which 
forms a large part of western diet. 
Indeed colon cancer is prevalent in 
North America and Western Europe 
but not in Japan. A balanced western 
style diet contains, in addition to 
meat, side dishes of bread and veget¬ 
ables and fruit juices. A typical Japa¬ 
nese diet on the other hand consists 
of boiled rice and dishes of fish and 
vegetables and soup. Both diets 
supply large amounts of inorganic 
nitrates. 

Some associations between the 
endogenous formation of nitrosa- 
mines and colon cancer have been 
suggested, although the specific car¬ 
cinogen involved remains to be 
identified. Nitrosamines are potent 
carcinogenic chemicals that form in 
the alimentry canal from precursors 
such as nitrates contained in meat 
and vegetables, and secondary amines 
which orginate from amino acids lar¬ 
gely present in meat. 

In a recent article (Nature) K. 
Suzuki and T. Mitsuoka of Japan have 
reported that levels of certain volatile 
nitrosamines in human ‘faeces are 
markedly increased in Japnese indi¬ 
viduals given a western-style diet, but 
decreased by a typical Japnese diet. 
The balanced western-style diet pro¬ 
vided 25% protein (mostly derived 
from meat), 55% fat and 20% carbohy¬ 
drate, while the typical Japnese diet 
had 15% protein (mostly from cereal), 
20% fat and 65% carbohydrate. 

It was found that levels of nitrosam¬ 


ines fluctuate with a change in diet. 
The presence of nitrosamine precur¬ 
sors in the diet is by far the most 
important contributory factor. Suffi¬ 
cient quantities of nitrates, amino 
acids and lipids, such as in balanced 
western-style diet, contribute largely 
to the formation of nitrosamines in 
the intestine. 

Though both the balanced western- 
style diet and typical Japnese diet 
were nutritionally adequate, they dif¬ 
fered in their contents of proteins and 
fats. The fact that the average level of 
total volatile nitrosamines in faeces in 
the case of balanced western-style 
diet was ten times that in faeces from 
those given the typical Japnese diet 
may have strong implications in the 
etiology of colon cancer. 

One important fact which emerges 


from this study is that high nitrate 
content of the diet accompanied by 
high animal protein and fat can lead 
to formation of carcinogenic nitro¬ 
samines in human intestine. This can 
predispose a condition suitable for 
development of colon cancer. The 
Indian diet is typically vegetarian 
(60%) and low in animal protein 
(40%). Nitrate is chiefly contained in 
vegetables. Although intake by an 
average Indian may be high, our low 
animal protein intake may not favour 
formation of intestinal nitrosamines. 
This may be one reason why inci¬ 
dence of colon in India is low (but it 
has recently increased by 2%-8%). 

Vi NOD Singh 
K.N.K. Inst, of Life Sciences 
Kanpur (U.P. l 


Role of vanadium in 

V ANADIUM is a ubiquitous ele¬ 
ment present in the earths crust, 
sea water, oil and tissues of man and 
animals. Vanadium is an essential 
trace element whose deficiency leads 
to reduced growth, increased plasma 
cholesterol and poor bone develop¬ 
ment. Vanadium has toxic effects too. 
which cause in several types of dis¬ 
orders including vomiting, diarrhoea 
as well as respiratory paralysis. 
Humans consume 2mgm-5mgm of van¬ 
adium daily through gelatin, cereals, 
sea food, vegetables and oils. It has 
been experimentally confirmed that 
oral dose of vanadium upto25mg per 
day does not induce any toxic effect. 
Most of the consumed vanadium is 
excreted through urine and faeces 
with only about 10% being retained, 
mainly in bones. Much earlier, during 
the end of 19th century, vanadate was 
used in France as a general tonic to 
cgre heart disease, tuberculosis, 
syphilis, rheumatism, diabetes and 
arthritis. 

Unfortunately no serious consider¬ 
ation was given to the biological and 
biochemical significance of vana¬ 
dium until it was recognised recently 
to be present as an impurity in prepa¬ 
ration of adenosine triphosphate 
(ATP) from rabbit or equine muscle. 


glaucoma and cataract 

ATP is a potent inhibitor of mem¬ 
brane's sodium-potassium- depend¬ 
ent adenosine triphosphatase 
(NaKATPase). Thus vanadium has 
been found to inhibit several ATPases, 
acid and alkaline phosphatases, phos- 
phofructokinase and adenylate kinase 
In addition, vanadium stimulates glu¬ 
cose oxidation and transport in adip¬ 
ocytes. Besides, it increases glyco¬ 
gen synthesis in the liver and inhibits 
intestinal glucose transport 

Vanadium exists as vanadate 
(H 2 VO 4 in dilute solutions at neutral 
pH which polymerises at concentra¬ 
tions above 0.1 mM. Vanadate enters 
human red blood cells by an ion trans¬ 
port mechanism and is reduced to 
vanadyl ions (VO*') inside the cells. 
Vanadyl ions are bound to proteins. 
Both vanadate and vanadyl ions have 
different biological significance since 
vanadyl ions are powerful Inhibitors 
of alkaline phosphatase with no 
inhibitory effect on NaKATPase. 

Recently, it has been reported that 
the topical administrations of vana¬ 
date (1%) reduces intra-ocular pres¬ 
sure in rabbit eye by about 30%. 
Significant reduction in intra-ocular 
pressure has also been obtained in 
rhesus monkey eyes following topical 
vanadate. Systemically administered 
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vanadate has no such effect. 

The new role of vanadate in inhibit¬ 
ing NaKATPase may have useful as 
well as toxic action on the eyes. It is 
useful because NaKATPase in the cil¬ 
iary epithelium plays a major role in 
the formation of aqueous humour and 
thus the inhibition of NaKATPase can 
be considered as a reasonable work¬ 
ing hypothesis for the mechanism by 
which vanadate can lower intraocular 
pre'fesure in glaucomatous eyes. Like¬ 
wise, the role of vanadate can be toxic 
since the lens epithelium possesses 
effective NaKATPase and its inhibi¬ 
tion can lead to the destruction of lens 
metabolism leading eventually to the 
formation of cataracts 
The inhibition of NaKATPase by 


S 4’ERMS are formed i n the semi ni- 
ferous tubules, which drain 
through a network of ducts into the 
epididymis. Newly formed sperms in 
mammals develop the ability of swim¬ 
ming only after they have passed 
down the long, coiled epididymis to 
collect in the tail of the epididymis. 
However in many species, even the 
spermatozoa in the caudal region of 
the epididymis are immotile until after 


vanadate is prevented or even rev¬ 
ersed by catecholamines and ascor¬ 
bate. Catecholamines reduce vana¬ 
date to vanadyl which is marked by 
the formation of black precipitate. 
Ascorbate also reduces vanadate but 
this is of particular importance in case 
of man, monkey and guinea pigs who 
are incapable of synthesizing ascor¬ 
bic acid. In such a situation, the effect 
of vanadate or NaKATPase of the cil¬ 
iary epithelium will depend on the 
accumulation of dietary ascorbate 
and its transport into the ocular fluids. 

V.K. SaiVASTAVA 

Biophysical Labbratory 
Department of Chemistry 
University of Gorakhpur 
Gorakhpur-273 001 


ejaculation. There are several theor¬ 
ies to explain the mechanism of initia¬ 
tion of sperm motility at this stage— 
usually complex and involving subtle 
changes such as concentrations of 
sodium ions. 

Recently two U.S. scientists have 
come up with a very simple answer 
which has the additional attraction of 
the clinical potential as a barrier 
(local) contraceptive. Marion Ussel- 


man and Ridiard Cone of Johns Hop¬ 
kins university in Maryland have 
detected a glycoprotein which immo¬ 
bilise the sperms and has been 
named "immobilin" by these workers. 
[Usselman M. & Cone R, Biol, of 
Reproduction.29:\24l]. Immobilin is a 
large glycoprotein present in the fluid 
in the caudal epididymis of rats which 
apparently increases the viscosity of 
the fluid beyond the point where 
sperm can swim. Other motile cells 
such as rabbit sperm or the bacterium 
E. coli were also unable to move, if 
placed in the fluid from the tail of the 
epididymis of rats. 

Since sperm motility is a factor in 
human infertility (normal human 
sperms move at a speed of about 
3mm/min through female genital 
tract, and at least 15 motile sperms per 
high power field should be seen in the 
post-coital cervical mucus), this find¬ 
ing may have clinical applications. If 
immobilin is found in female genital 
tract, it may explain some cases of 
infertility or sub-fertility. Also, immo¬ 
bilin may be useful, perhaps alon'g- 
with other methods of contraception, 
as a mechanical or local method to 
reduce sperm motility and thus may 
have some promise as a contraceptive. 

PramodK Agrawal 
Deptt. of Surgery 
Kings College Hospital 
London SE59NU (U. K.) 
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The fascinating geckos 


L izards have undergone an 
extensive adaptive transformation 
and taken on a bewildering variety of 
habitats. Of these, geckos form a uni¬ 
que family with a definite claim to 
some outstanding features. They 
have a stentorian voice to match the 
calling notes of frogs and birds and 
possess "climbing" feet that enable 
them to crawl upon ceilings and 
barks. Most geckos are stoutly built, 
short-tailed, largely nocturnal and 
partly diurnal creatures. 

Found everywhere barring the high 
aititudes, they are most numerous in 
the Australian and Oriental regions. 
All geckos are not wall lizards. Some 
four hundred kinds Of them are found 
throughout the world—in the desert, 
in the open and wooded country and 
a few having a strong predilection to 
domicile with man. They vary in size 
from 4.7 cm long Sphaerodactylus 
of America—perhaps the tiniest in the 
whole lizard clan—to 35.5 cm giant, 
Tokay of southeast Asia, Geckos have 
been transported by man from conti¬ 
nent to continent which explains their 
world-wide prevalence. 

Appearance 

The body of a gecko is covered with 
small, granular scales or tubercles. 
The skin is very thin and some forms 
appear almost translucent in strong 
light. The tail is a diminutive, stumpy 
appendage presenting the greatest 
diversity pf form. It is usually cylindri¬ 
cal tapering to a point. But in certain 


desert living forms, the tail is swollen 
and probably serves as a food reser¬ 
voir. Few lizards can compete with 


geckos in their ability to discard the 
tail. An adult gecko with the original 
tail intact is rarely found. When 
gripped by the teil or trod upon, 
geckos make good their escape leav¬ 
ing the broken bit of the tail wriggling. 
Nature takes care of this damage; a 
new tall is grown out within two 
months from wounds which fail to 
break off the'original. So this process 
' of partial loss, regrowth, and healing 
results occasionally in a two or more 
tailed geckos. Majority of the geckos 
have immovable eyelids. Instead, 
their eyes are covered by large, fixed, 
transparent "spectacles" beneath 
which the eye can be moved. Geckos 
that are active by day have rounded 
pupils and the rest have an elliptical 
pupil as an indication of their activi¬ 
ties in night. 





Food 

Geckos have a thick fleshy tongue 
employed in the same fashion as that 
of a toad's in lapping up their main 
food—small insects. The tongue is 
capable of considerable protrusion 
though it is hardly used as an organ of 
investigation. While the smaller prey 
is lapped up by the sticky tongue at a 
stroke, the gecko has to put in consi¬ 
derable effort in seizing larger insects 
like cockroaches which are approached 
in a^ series of swift rushes with a rest 
after each. Water is consumed by lap¬ 
ping It up with the tongue. As their 
requirement of water is minimal, 
geckos, like other reptiles, can thrive 
in arid tracts. Geckos relish sugar syr¬ 
ups and rice in addition to their usual 
food. A bottle of syrup kept in a dark 
corner of the house is an effective trap 
for geckos. Geckos can survive with¬ 
out food for months and, when it is 
scarce, large males and females may 
bite off and eat the tails of smaller 
geckos and even devour young ones 
whole. Sometimes the cast away skin 
IS also swallowed. 

BetMviour 

Male geckos are usually larger, 
heavier and more quarrelsome than 
females. Further, males tend to hold 
their hunting territories very posses¬ 
sively. When a male gecko encroaches 
upon its neighbour’s preserve, a fight 
ensues resulting in the two combat¬ 
ants holding each other by the head 
or body and biting and struggling 
until one is finally exhausted and 
retreats. The presence of a row of 
small, brownish or reddish §pots 
called femoral glands on the thighs of 
a gecko indicates that it is a male. It is 
believed that these organs keep the 


cloacal region of the males intact on 
the belly of the female during coition. 

Clinging pads 

The capability of our house geckos 
to run over a window pane or up a 
smooth vertical wall and across the 
ceiling with the sure footedness of a 
cat amazes all of us when we watch 
them in their "beats” commencing as 
soon as night falls. The secret lies in 
the microscopic hooks arranged fan- 
wise on the underside of a gecko'stoe 
which can hook on to irregularities on 
vertical surfaces as smooth as glass. 
Broadly speaking, a gecko can cling 
to all but the most highly polished 
surface. In addition to the adhesive 
pads of their feet, most geckos have 
the usual claw at the toe-tips which 
also aid in negotiating a firm grip for 
the animals. The fact that this unique 
adhesive mechanism of geckos does 
not function on moist surfaces is little 
known. As such oeckos fall down 


-SCIENCE FOR THE YOUNG 

uninjured and alive if water is squirted 
on them. 

Voice 

Another distinctive' feature of , 
geckos is that they are capable of pro¬ 
ducing sounds and it appears they 
can hear well. While most lizards are 
silent creatures barring the emission 
of angry hissing sounds, the geckos 
are remarkabiy vocai—hence their ; 
popular names‘gecko’, ‘chipkali’. or 
’chiplee'. A gecko produces this 
unusual sound by clicking its broad 
tongue against the roof of the mouth 
and usually it is a soft chirupping or 
clucking sound. The loudest call ' 
among the geckos is credited to the 
Tokay which can be heard even 91.5m 
away in an undisturbed area. 
Some geckos are reported to repro- ' 
duce sharp sounds by rubbing certain 
plated of their tails. <. 

Young 

Barring the geckos of New Zealand 
which bear living young, the rest lay 
2-3 white, oval hard-shelled eggs ' 

instead of leathery ones as is the case [ 
with most of the lizards. Geckos do | 
not bury their eggs but lay them in the 
crevices of trees, rocks or even in 
such unusual places as radio or TV | 
sets, bookshelves, wardrobes, etc. 

The tree-dwelling geckos glue their j 

eggs to the underside of a leaf or bark ^ 

ofatree. Ittakesabout two months for 
the eggs to hatch into exact replicas } 
of their parents. ) 
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Fig. 4. The blotched house gecko {Hemideciylus tnedrus) 


Giant 

Tokay of Asia, named after its gut¬ 
tural rumble "touk-tay", is a giant 
among geckos of the world as it 
grows up to nearly 46 cm. It can bark 
and bite like a dog. 

Hiding by day in holes or crevices 
near the ceilings, this lizard with its 
rat-like body, a pulsating throat and 
glittering cat-like eyes in I'le nTght is 
no stranger to the people of north¬ 
eastern India. This red or orange 
spotted house lizard is not contented 
only with preying on insects bn' ' - 
sionally gulps down a small rat. nird, 
bat or a snake in its nocturnal rounds. 
While most geckos are gentle and 
inoffensive, the Tokay is an excep¬ 
tion. When annoyed it inflates its 
body and hisses and puffs loudly, 
holding its jaws wide open in readi¬ 
ness to attack. If the provocation con¬ 
tinues, the lizard rushes forward and 
seizes some part of the anatomy of its 
annoyer in its extremely powerful 
jaws, hanging on with bulldog tenac¬ 
ity. Sometimes it gets involved in long 
drawn combats with larger snakes for 
hours. The battle, however, ends with 
the snake coming out* victoriously 
after thoroughly exhausting the lizard. 

Other geckos of India 

Geckos constitute a major compo¬ 
nent in the lizard fauna of India 
accounting for more than one third of 


the 150 Indian species Among the 
house geckos are the spotted house- 
gecko (Hem/dacfy/us brook/), the yel¬ 
low bellied gecko {Hemidactylus 
flaviviridis), and the bark or tree- 
gecko {H. leschnaulti). White the 
spotted gecko is often found faraway 
from buildings, treb-gecko finds bet¬ 
ter shelter and food in the houses 
also. The rock-geckos (Cyrtodacty- 
lus) have clawed toes and laterally 
compressed bodies The fat-tailed 
gecko (Eublepharismacularius) inh¬ 
abiting and areas of north-western 
India IS a ground dweller and strictly 
noi^.jrnal. Its movements are slow 
and It walKi> ulten with trie u<.dy well 
off the ground. When annoyeo, it 
opens its mouth, raises its tail and 
bites readily. But for this typical repti¬ 
lian type of defence, it is harmless 
however much it is dreaded by the 
desert people who regard its bite as 
highly poisonous and its body fluid as 
lethal on contact Indeed there are no 
venomous lizards in India or for that 
■matter anywhere else except in U .S. A. 
and Mexico. The fat-tailed lizard 
differs from all other geckos in having 
the true eyelids and a carrot-like tail. 
It is a voracious feeder and its diet 
includes crickets, spiders, scorpions 
and even other lizards. The Andaman 
and Nicobar Islands are the home for 
two unique Oriental geckos—the “fly¬ 
ing gecko" (Ptychozoon kuhli) of the 
forests of Nicobar which can para¬ 
chute to small distances by means of 


the membranous expansions on the 
sides of the animal's body, limbs and 
tail and the Green gecko (Phelsuma 
andamanensB) of Andamans which is 
not uncommon in and around Port 
Blair. Several geckos (Cnemaspis) 
are restricted to the hilly regions of 
South India. 

Benificlal 

Geckos are harmless and the 
smaller sj^ecies never make an attempt 
to bite and even if they do, their feeble 
jaws are incapable of inflicting any 
injury. They are, however, accused of 
tainting our food and water in the kit¬ 
chen. Also, geckos are prone to bac¬ 
terial infection and there are cases of 
such infested geckos falling acciden¬ 
tally into the cooked foods. Those 
who may partake of such foods may 
develop temporary nausea but never 
fall seriously ill ordieas often alleged. 

Superstitions about geckos are as 
widespread as geckos. The unrea¬ 
soning fearthat the geckos are deadly 
venomous, poisoning every part of 
human or object over which they run 
or accidentally fall upon strangely 
en ough persists throughout the world. 
On thd other hand, the bark of a Tokay 
soon after a child’s birth in a Malay¬ 
sian house is welcome and consi¬ 
dered indeed very auspicious since it 
is a harbinger of good luck to the 
newly born. 

Despite their abundance, geckos 
evoke no popular response in man. 
Most house geckos can be easily 
tamed and learn to take food from our 
hands. The fat-tailed lizard is not at all 
venomous but makes an excellent 
animal for terrarium. The presence of 
geckos in our houses is to our advan¬ 
tage as they are considered as effi¬ 
cient as birds in keeping down 
harmful and undesirable insect pests 



Fig. 5. The clinging fool of a wall lizard 
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It is time we gave up the intensive 
dislike for any creature called rutile 
and understand their beneficia'i role 
in nature. We are slow to recognise 
our debt to the geckos. 


I F you look at the electric wiring cir¬ 
cuit in your house, you wiil find that 
for controlling electric power flowtoa 
lamp or fan, there are 'ON' and 'OFF' 
switches. Behind this switch in the 
circuit, there is a sheet steel box 
called distribution box which con¬ 
tains fuses for each circuit feeding 
electric devices^.g.^eaters, grinders, 
fans, refrigerators, etc. Further, behind 
this distribution box, we find a main 
switch/switch fuse unit with cast iron 
or sheet steel enclosure. This main 
switch with the fuse in position can 
also put ‘ON’ or ‘OFF power supply to 
the whole house. 

The*present article on Miniature 
Circuit Breaker (MCB) explains how 
developments are taking place in the 
field of electrical engineering and it 
shows how one item functionally 
replaces a few items and brings about 
a higher ease of operation and 
control. 

It would be relevant here to discuss 
something about short circuit and 
overload protection which are the two 
important functions of MCB. 

Short circuit protection 

What does the fuse do? You might 
have observed that when the insula¬ 
tion of a cable connected to a heater 
melts and the two conductors touch 
ebch other, or the heating element in 
an electric iron touches the body, the 
normal current cause sparks and the 
fuse in the circuit blows off. This type 
of situation in an electric circuit is 
called a short circuit which happens 
when a live wire touches anotherwire, 
the ground or the body of an electrib 
appliance. In a three phase supply 
system, there can be a short circuit 
between all the three phases. This 
happens during a high storm and 
causes total power failure. The fuse 
gives protection in case of short cir¬ 
cuit by melting itself. 


T.S.N. Murthy 
Herpetologist 
Zoological Survey of India 
100, Santhome Singh Road 
Madras—600028 


Overload protection 

In a motor operated electric equip¬ 
ment, like a refrigerator, a grinder, a 
mixi or an air conditioner, a situation 
such as too much friction in the bear- 


1 Universal terminal. 

for front or bacK 
entry, with cable- 
gripping clamp 

2 Trip lever 

3 Two member, 

trip free mechanism 

4 Twin mainsprings 

5 Contacts 

6 Anti welding 
contact tips 

M9 



Solenoid for short 7 
circuit protection 
Insert,for flush 8 
mounting 
Bimetallic strip 9 
for overload 
protection 
Arc chamberlO 
withde-ionising 

ore chute 
Terminal shroud 11 


Miniature circuit breaker and its appiication 
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ing or a similar mechanical jamming 
in the driven system can cause flow of 
two normal current a few times, say 
upto two times. If this is not pre¬ 
vented, the motor would burn out. 
The device which is fitted in the star¬ 
ter of such a motor driven equipment 
is called overload protective device, 
usually known as thermal overload 
relay. 


available in the market are given 
below: 

(i) Current rating 5/10/15/20/30/ 
40/50/60 Amp. 

(ii) Voltage rating 240 V single 
phase or 415 V, 3 phase A.C. and 50 
V/110 V.D.C. 

The above current and voltage rat- 


Science Quiz 


What it MCB 

MCB stands for miniature circuit 
breaker and has been recently deve¬ 
loped. It functions as a manually 
operating switch. It includes protec¬ 
tive elements for overload and short 
circuit conditions in the event of 
which the MCB trips. 

In a motor starter, short circuit pro¬ 
tection is provided by fuses which 
need to be replaced from timetotime. 
In MCB it is provided by a magnetic 
relay which can be reset once it trips. 

Application and advantages of MCB 

{i).it is a highly compact control and 
protective device for lighting circuits 
and circuits feeding power to a motor, 
in a house or a factory; 

(ii) In the event of a short circuit, it 
does not require fuse replacement 
which is cumbersome. It readily per¬ 
mits identification of a faultycircuit; 

(iii) MCB can be used for A.C. as 
well as D C. circuits. For A.C. circuits, 
it is available in single/double/triple 
pole versions; 

(iv) It can be used as an isolating 
switch for maintenance purpose, 
which is normally done by switching 
‘OFF' the mam switch in the house or 
by an isolator provided in an equip¬ 
ment circuit in a factory. There is also 
a provision for locking the individual 
MCB so that no unauthorised person 
can move the handle from the ‘ON’ to 
‘OFF’ position and vice versa; 

(v) In case of transient faults, they 
make possible immediate restoration 
of power supply without the necessity 
of any replacement; and 

(vi) MCBs are ideally suited for 
protection of motor circuits (i) 240 V 
single phase and (ii) 415 V, 3 phase 
either in the house or in the factory. 

Rating 

The ratings in which the MCBs pre 


Tick the correct enewei 

1. «X = 174 is 

(a) a synthetic hormone 

(b) an insecticide 

(c) a carcinogen 

(d) a single stranded DNA virus 

2. Genentech is 

(a) a recently discovered gene for 
nitrogen fixation 

(b) a California based biotechnol¬ 
ogy company 

(fc) recombinant DNA technique 
(d) gene data bank 

3. international Rice Research Insti¬ 
tute (IRRI), International Potato 
Research Centre (CIP) and Inter¬ 
national Crops Research Institute 
for Semi-Arid Tropics (ICRISAT) 
are located respectively at 

(a) Peru, Manila (Philippines) and 
Hyderabad (India) 

(b) Hyderabad, Peru, Manila 

(c) Manila, Peru, Hyderabad 

(d) none of the above 

4. Silver fish is 

(a) an ornamental fish 

(b) an insect 

(c) a sea mammal 

(d) a bird with silvery feathers 

5. Quick silver means 

(a) silver 

(b) silver oxide 

(c) mercury 

(d) none of the above 

6. Siemen is the unit of 

(a) conductivity, 

(b) turbidity 

(c) sedimentation 

(d) electron spin resonance 

7. Enology deals with 

(a) insects 

(b) wines and wine making 

(c) scientific languages 

6. Indian Institute of Astrophysics, 


ings are suitable for: (i) 240V, single 
phase motor from 0.62H.P. to 10H.P., 
(ii) 415 V, 3 phase motor from 6.5 H.P. 
to 30 H.P. 

M.C. Saha 
Asstt. Suptd. (Elect.) 

Bokaro Steel Plant 
Dhanbad 


Central JALMA Institute for Lep¬ 
rosy and National Institute of 
Oceanography are located respec¬ 
tively at 

(a) Panaji, Agra and Kodaikanal 

(b) Panaji, Kodaikanal and Agra 

(c) Agra, Panaji and Kodaikanal 

(d) Kodaikanal. Agra and Panaji 

9. In scanning electron microscope 
images of the specimen areformed 
as a result of 

(a) reflection of electrons from the 
specimen 

(b) transmission of electrons 
through the specimen 

(c) diffraction of the electrons from 
the specimen 

(d) none of the above 

10. The temperature at which Fahren¬ 
heit and Centigrade thermometers 
read the same is 

(a) -40‘>C 

(b) 40“C 

(c) — 140°C 

(d) 140<>C 

11. Smallest bone in the human body 
is 

(a) malus 

(b) incus 

(c) stapes 

(d) none of the above 

12. Lyophiliser is used in 

(a) gel fitteration 

(b) freeze-drying a material 

(c) gel separation 

(d) cutting thin section of 
specimen 

Naresh Jain 
Asstt. Research Officer 
(Publication & Information) 
Indian Council of Medical Research 
Ansan Nagar, New Delhi 110029 
(Answers on page SSS) 
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Mirttlgrades or mulllpower relations 


QUM of a set of numbers may 
Wequal the sum of another set 
>f numbers. Such an equality 
nay be written in the form 

a+b+c+d+. 

'=ai4-bi+c,4-cli +. 

In some cases this relationship 
between the sets of numbers may 
•emam true even when each 

lower, that is, 

a"+b"+c’'+d"+. 

=ai«+bi"+c,"4-d,"+. 

We may cail such relations 
■nultigrades or multipower rela¬ 
tions. The least multigrade possi¬ 
ble is a second order multigrade 
rueforfjofh n = 1 and2. A third 
order multigrade is true for n=l 
2 and 3; and so on. 

One might think that forming a 
Probabiy a difficult 
task However, there is a simpie 
procedure following which the 

may be 

obtained easiiy. This procedure 
is explained below. 

Start with 
such as 


a simple equality 


the 

the 

key 


1+4=2+3 

Now, add K to each term of 
JJI® ‘o form a newequa- 

(14-K)+(4+K) 

.^(2+K)+(3-i-K) 

Reversing the sides of 
new equation and combining 
resulting equation with the 
equation leads to 

1+4+(2+K)-|-(3-f-K) 

=2+3+(H.K)+(4+K) 

rnust be different. To ensure this 
the value of K must be chosen 
carefully. Obviously, k=«i is not 

two terms on the left as well on 
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the right equal to 4 and 2 respec¬ 
tively. The value K=2 likewise 
makes two terms on the left as 
well on the right equal to 4 and 3 
respectively and is, therefore, to 
be eliminated. Hence the least 
value of K which is admissible is 
3 which yields 

1+4+5!-6=2+3 + 44-7 
Cancelling out the common 
term 4 from both the sides, we 
have 

1+5+6=2+34-7 
This relationship is also true 
when each term is raised to the 
second power, that is 
1M 5*+6*=2’,+3H 7* 

Thus we have the second order 
multipower relation which is 
true for n=l and 2 : 

1" + 5’'+6’'=2'*+3'‘+7" 

The third and higher order 
multigrades may be obtained by 
repeatirg the same procedure. 
Each operation will raise the 
order of the multigrade by unity. 

For example, from a second order 
multigrade one can derive a third 
order multigrade; from a third 
order multigrade a fourth order 
multigrade may be obtained, and 
so on. 

If, in the above multig’-ade, we 
add K to each term,* reverse the 
equation so formed and combine 
it with the original equation we 
can obtain 

1"+5’'-} 6"+(2 + K)’‘+(3+K)" 

+(7+K)" 

=2» + 3-+7’-+(1+K)" + 

{5+K)"+{6+K)'' 

The lowest value of K that makes 
all the terms different is 5. This 
value when used in the above 
equation yields: 

1"+5«+0apn 4 .8"-I-^ 2 " 
=2“-|-3»+6"+7-+10''+ll» 
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CancelMrg out the commonterms 
we have the following order-thsee 
multipower relation : 
1"+5"+8"+12" 
=2"+3"+10"+11" 

This equation may be seen to be 
valid forn=1, 2 and 3 : 

1+5 + 8+12=2+3+10+11 
1*+5'+8*+12» 
=2*+3*+10“+11* 
1’+53+8»+12» 
=2»+33+10*+1l3 
The fourth order multigrade 
can easily be obtained from the 
above third order multigrade, for 
K=4. This multigrade valid for 
n=1, 2, 3, and 4 is of the form 
1»+6»4 7’‘+8"+14"+15“ 
=2"+3'‘+9"+10"+11"+16“ 

The next higher, i.e., fifth 
order multigrade (n=1,2,3,4,6) as 
obtained for K=7 is 

1"+6"+7"+17"+18»+23" 
=2’‘+3''+11"+13“+21"+22” 
Different multigrades can thus 
be obtained easily by followiing 
the above procedure. However, it 
may sometimes be fascinating to 
obtain some unusual multigrades. 
These multigrades are not easy 
to form. But attempt will be made 
here to obtain at least one such 
multigrade. 

We start from the same basic 
equation, namely, 1+ 4=2+3 and 
form a second order multigrade 
(K=4) of the form 
1'*-1 4"+6"+7" 

= 2'’+3"+5"+8" 

Before preceding further we would 
like to recollect a very standard 
result of mathematics The equation. I 

a+b+c+d=e+f+g+h ' 

remains still true when the respec¬ 
tive terms on the two sides of the 
equation are combined to form 
twordigit numbers in the manner 
shown below : 
ae+bf+cg+dh 
=ea+fb+gc+hd 
The proof of this is quite ele¬ 
mentary. We expand each term 
(Continued on page 563) 
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"So they told you that suicide rate In our institution is 
high. Well, young man look at it this way—in these 
"They might have found theassylum a lot more saner days of inflation and unemployment, this is a place 
ojace" that shows the sure short cut to heaven" 



"This IS not a garbage dump. These are empty , * i. -n 

cartons, refill packs, top flaps, bottle caps, wrappers “No problems hereil have trained that chap very i^ii. 

etc., etc., for the ‘Contests' my husband takes part In" Whenever / press the fifth rod, he gives me food 
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Can you select your 
child’s sex ? 

T he necessity and hence the 
desire, if not the demand, for pro* 
ducing children of desired sex is on 
the inccease because of the increas¬ 
ing world-wide acceptance of one or 
two children family norm. 

It is well-known now that sex of a 
child is determined right at the 
moment of fertilisatioi i by the particu¬ 
lar type of sperm— whether X bearing 
(will lead to formation of female fetus) 
or Y bearing (will lead to formation of 
male fetus) contained in the hus¬ 
band's discharged semen (which, as 
we know, contains an equal propor¬ 
tion of both the varieties) which 
happens to penetrate the ovum. 

Now how can one arrange to pro¬ 
duce a child of desired sex? Review of 
literature reveals that only two tech- 
niaues have so far been tried. They 
are — as they have been rightly 
named — separation technique and 
facilitation technique. 

Separation technique 

As the name indicates, in this tech¬ 
nique an attempt is made to separate 
from husband's semen the two types 
of sperms (X and Y) by some artificial 
means in the laboratory, and. then the 
wife is artificially inseminated with 
the separated, desired type of sperm 
of her husband. 

The various methods of separation 
that have been used are - spontane¬ 


ous settling or sedimentation, forced 
settling or centrifugation, electro¬ 
phoresis, and albumin layering. The 
last method has been found to be the 
best— giving 80% separation Since 
this is the best method developed so 
far, a brief description of the method 
is relevant. The method is quite sim¬ 
ple. A vertical column of bovine 
albumin of increasing density is pre¬ 
pared. The semen is added to the top 
of the column. It is observed that the Y 
sperms show a distinct tendency of 
swimming and diffusing downwards 
into the densest (20% albumin) zone. 
The Y sperms may then be recovered 
from this zone and used for artificial 
insemination to produce male babies. 
The sperms left behind in thinner 
zone will then naturally contain pre- 
dominently X sperms (as reported by 
R.J. Levin of University of Sheffield, 
U.K. in the IFFP Medical Bulletin of 
Febmary 1982). 

Now, what are the bases of the sep¬ 
aration techniques? There are two. 
Firstly, the X sperms are 4% larger 
than Y sperms, for the former has 4% 
more DNA than the latter and, 
secondly, they differ somewhat in 
their surface charge. 

However, there are certain serious 
drawbacks of separation techniques 
which make them impractical and 
untrustworthy, the main drawbacks 
being a too poor degree of separation 
(where even 1% impurity can cause 
failure), a too poor rate of conception 
from the separated material, a too 
laboratory (for separation) and doc¬ 
tor (for insemination) dependent and, 
due to the last reason, not too suitable 
for mass application. Most important 
of all, there always remains with these 
techniques the discomfort of produc-, 
ing a congenitally malformed baby 
because of abnormal handling of 
sperms. 

Facilitation tachnique 

This technique facilitates the capa¬ 
city of the desired type of sperm over 
that of the undesired type after it has 
been deposited in the vagina by natu¬ 
ral intercourse and while they are 
actually in the female genital tract, by 
altering the character of secretions of 
the latter. 


Various facilitation techniques that 
have been tried can be classified as 
follows: 

(i) Planned intercourse; and 

(ii) Adoption of active artificial 
measures; (A) Applied locally or 
directly or (B) Systemically or in¬ 
directly. 

Planned Intercourse 

The advantage here is that it can be 
practised by a man and a woman in 
their bed room privacy without any 
medical help, implements, drugs or 
chemicals. It has been found that a 
sexsual intercourse performed before 
or on the day of ovulation (specially 
before) as indicated by the change or 
shift (a transient drop followed by 
sustained rise by half a degree) in her 
morning waking temparature (if she 
has been keeping a record of it) or as 
calculated from her usual menstrual 
cycle (by the formula that ovulation 
occurs 14 days before the expected 
day of next menstruation) leads to 
conception of more male babies. 
While this is an observed fact— 
although nowhere near 100%, true the 
reason for the incidence is not known. 
The suggestions are— the younger 
the ovum the more likely it is to be 
fertilized by a Y carrying sperm, and, 
that the Y sperms perhaps survive 
more effectively in the female genital 
tract in that phase of the reproductive 
cycle, perhaps due to a less acidic 
vaginal pH and a more alkaline cervi¬ 
cal mucous. Besides, it has also been 
found by some researchers that the 
more is the frequency of coitus the 
higher is the incidence of birth of 
male fetuses. It is believed to be due 
to the increased possibility of insemi¬ 
nation (due to frequency) on those 
days which are associated with con¬ 
ception of more male fetuses as men¬ 
tioned above. The additional support 
towards the above observation is the 
report that a man with more than one 
wife tends to have more female babies 
with each of his wife. While there is 
statistical evidence to support these 
observations, scientific explanation 
for them is still not available. 

Back in 1970, L.B. Shettles of Uni¬ 
ted Kingdom reported in Interna¬ 
tional Journal of Gynaecology and 
Obstetrics (Vol. 8, Pp-643-647), a 
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few other techniques of intercourse 
for facilitation— like deep vaginal 
penetration, entry from the back and 
stimulation of female orgasm for boy 
babies (for Y sperm facilitation) and 
shallow penetration, face-to-face coi¬ 
tus and avoidance of female orgasm 
for girl babies (for X sperm facilitation). 

Since the factor, female orgasm, 
has been emphasised so strongly it 
needs further discussion. According 
to the above suggestion, it would 
appear that more sexy (i.e., sexually 
hyper-sensitive) the woman is, the 
more likely she is to concieve boy 
babies because she is more likely to 
have orgasm. Sperm enhancement 
function of orgasm has been explained 
by Shettles by suggesting that orgasm 
leads to liberation of excess of fluids 
from vaginal walls into vagina (vagi¬ 
nal transudate) which neutralise vagi¬ 
nal acid and thus facilitate Y sperms. 
However, the theory has been opposed 
on the ground that orgasm is actually 
associated with partial or complete 
dissipation of vaginal vaso conges¬ 
tion—the necessary prerequisite for 
formation of the fluid. Besides, on 
trial, Shettelle technique has proved 
to be of questionable effectiveness. 

Direct techniques of sperm tocIHtetlon 

Thedirect technique involves direct 
alternation of local intragenital condi¬ 
tion of the fergale by some medicine 
or chemical applied directly locally 
which would facilitate the desired 
type of sperm. The method that has 
gained the maximum popularity is 
alkaline douching of vagina. There 
are reports that washing the vagina 
with alkaline solution (e.g., 2% sodium 
bicarbonate) leads to a higher inci¬ 
dence of conception of male babies 
indicating Y sperm facilitation by this 
themical. But, now the method had 
been proved to have no real scientific 
basis on the following grounds: 
firstly, it has been found that both X 
and Y sperms survive equally well in 
both acid and alkaline buffers in vitro; 
secondly, motility ofY sperms has not 
been found to be differntially influ¬ 
enced by environmental pH; and 
thirdly, even pre-treating sperms with 
bicarbonate has not been found to 
change sex ratio of the babi^ pro¬ 
duced (reported by R.J. Levin of Uni¬ 
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varsity of Sheffield in 1982, as 
referred already). 

Indirect or systemic technique of 
sperm facilitation 

This technique induces change in 
the whole body system of the intend¬ 
ing female which, hopefully, in turn, 
would alter the environment of th^ 
genital tract. Experiments have been 
done on this method mainly by alter¬ 
ing the diet of the woman. One such 
technique suggests that for conceiv¬ 
ing boy babies diet of the woman 
should be artificially enriched with 
sodium, and calcium and magnesium 
contents should be reduced. The 
opposite diet should be adopted for 
conceiving girl babies. It is recom¬ 
mended that such diet should be 
taken for 4-6 weeks before the 
planned intercourse for having the 
baby of desired sex. However, re¬ 
searchers of this technique warn that 
such diets being grossly unbalanced 


I NDIA is predominantly an agricul¬ 
tural country. Eighty per cent of the 
population is rural; rural population 
in general has limited needs. There 
life is simple and standard of living is 
low. 

Rural housewives, besides their 
domestic work such as cooking, serv¬ 
ing, and rearing children, have to 
work at farms along with their men¬ 
folk. The rural housewife is hard 
pressed for time. 

Cooking is one of the essential rou¬ 
tine jobs on which a housewife 
spends quite a long time and pays 
more attention. Now, domestic fuel 
problem is becoming serious, partic¬ 
ularly in rural areas. Rural women use 
either cowdung or firewood for cook¬ 
ing. Cowdung is now being more fre¬ 
quently and popularly used as 
manure rather than as fuel. It is also 
utilized in gobargas plants. Cutting of 
forests for firewood is strictly prohi¬ 
bited by Government. Further, fire¬ 
wood IS becoming scarcer and more 
expensive. Cooking on firewood 
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can be very dangerous and hence 
should be given only to very healthy 
persons under strict medical supervi¬ 
sion for .a maximum period of 4-6 
weeks at a time. The method alms to 
alter the ionic environment of the 
female genital tract (i.e., the ionic 
concentrations of vaginal, cervical, 
endometrial and tubal fluids) and 
thus facilitate (or antagonise) sperm 
of the desired type. Obviously the 
method is too complicated and is in 
its infancy for any firm comment. 

So, summarily, what then is the 
present position regarding human 
sex pre-selection? Unfortunately, it is 
one of uncertainty, hypothesis and 
impracticability leaving a great arena 
for further research in this direction. 


A.K. Debdas 
Headj Deptt. of Obstetrics 
& Gynaecology 
D-Road, Hospital TELCO 
Jamshedpur 831Q04 


takes longer and requires more atten¬ 
tion to prevent food from being over¬ 
cooked. 

The newer devices such as kero¬ 
sene stoves, hot plates, and gas are 
common in urban areas. Though 
cooking is quicker on these newer 
devices, the initial expenditure on 
them is high and, then, kerosene scar¬ 
city is increasing day-by-day. Hence, 
rural or low Income class of urban 
population cannot afford such devi¬ 
ces. It is therefore necessary to think 
of a device which consumes less fuel, 
is less expensive and convenient to 
use 

One such fuel saving equipment 
suited for cooking is ‘hay box' 

Hay box is a wooden box In which 
paddy hay is packed to three-fourth 
of the height, with a depression left 
for the cooking pan (Fig.1). It has a 
pillow filled with the paddy hay, to fill 
the rest of the box. The food to be 
cooked is boiled for a certain period 
on the regular cooking fuel and, when 
half done, the pan with tight lid is 
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Hay box — fuel saving cooking device 




Fig. 1. {Left) Box containing paddy hay with a daprauion lot tha raoking pan; (Middle) 
Box containg cooking pan with a tight Ud; (Right) Pillow tiilad with tha aama Inautating 
matarlal to cover tha rest of tha box 
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transferred to the box. Then the box is 
closed. The heat which is retained 
due to the insulating material around 
completes cooking of the food. 

When a housewife uses ‘hay box’ 
she saves fuel, because the partially 
cooked food gets cooked completely 
in it. She saves time, as she does not 
have to pay attention to the food when 
it is being cooked in hay box. She 
gets hot food ready to eat when she 
returns home after her work outside. 
The food remains hot in the hay box 
for nearly three to four hours. 

Silk cotton, coconut fibre, wheat 
hay and paddy husk can also be used 
as filling materials instead of paddy 
hay. they are easily available every¬ 


where. Silk cotton has the best heat 
retention capacity. The next efficient 
materials are coconut fibre and wheat 
hay. Paddy hay is the least efficient 
one. 

One cup of rice takes at least 15 
minutes to get cooked completely on 
hot plate, whereas rice needs only 2-3 
minutes of boiling on hot plate before 
placing it in different insulated boxes 
for complete cooking. Heat which is 
retained by the insulating material 
completes cooking of food in half-an- 
hour. Acutally, fuel worth 12-13 min¬ 
utes of burning is saved. Hay box can 
also be used for cooking pulses and 
vegetables. Potato takes half-an-hour 
to get cooked completely on hot plate 
whereas, in any of the insulating 
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materials, it needs only 5 minutes of 
boiling on hot plate. Afterwards it can 
be transferred to any one of these 
boxes to be cooked completely within 
half-an-hour without further applica¬ 
tion of heat. Twentyfive minutes of 
fuel is saved. Hay box not only saves 
time, energy and fuel, but also saves 
vitamins from destruction in cooking. 
Longer periods of cooking at a high 
temperature and exposure to light 
destroy some of the B-complex 
vitamins sensitive to heat and light. 
Foods cooked in hay box are 
exposed to a,high heat for a short 
period. So there is 60%-70% retention 
of vitamins (thiamine and riboflavin). 
Hay box cannot be used for frying and 
roasting. Here food will not be ready 
for consumption soon. However it has 
its own merits— 

1. Even an old wood box tor prepar¬ 
ing hay box can be used. 

2. Different filling materials like silk 
cotton, coconut fibre, wheat hay, 
paddy hay and paddy husk, whi¬ 
chever is available easily, can be 
used as an insulating material. 

3. Housewives save fuel and time. 

NihmalaA. Hadimani 
Leela Phadnis 
College of Rural Home Sciences 
Dharwar (Karnataka) 
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SCIENCE IN 
INDUSTRY 


Technique for tenderi- 
zation of chilled meat 

HE Central Food Technological 
Research Institute, Mysore, has 
developed a conditioning technique 
which not only improves quality, ten¬ 
derness, juiciness and flavour of 
meat, but also reduces cooking time. 
It also checks the mutton from matur¬ 
ing. The mutton of an old sheep 
remains as tender as the mutton of 
lambs. 

In this technique, the carcass is 
held at aHemperature of 15“C-20‘’C for' 
6 hr-8 hr, and then chilled at 0°C-2°C for 
16 hr-18 hr by hanging in a special pos¬ 
ture by the pelvis or vent, and not by 
the Achilles tendon or ankles which is 
the usual practice. The entire proce¬ 
dure takes 24 hr. 

The technique will be beneficial to 
the food service trade, modern meat 
stalls in metropolitan cities, and 
exporters who Nave to r^ort to stor¬ 
ing of meat under chilling or freezing 
conditions. 


New infant food 

T he Central Food Technological 
Research Institute, Mysore, has 


developed a new spray-dried milk 
food for infants, which is expected to 
enter the market soon. 

Unlike other commercial formulae 
which contain about 22% protein, the 
protein content of the new infant food 
is only 2%; it also has an adequate 
level of essential fatty acids which can 
be easily digested by babies. The 
level of protein and essential fatty 
acid of the product, when recon- 
stitued with water, is similar to that of 
breast milk. 

The new infant food has undergone 
succesful feeding trials in a local hos- 
. pital. The preparation of this product 
requires less milk than that required 
by other commercial products. 


Double effect evaporator 

T he Central Food Technological 
Research Institute (CFTRI), 
Mysore, has designed a double effect 
evaporator for use in a tomato con¬ 
centration plant being set up by the 
Bihar Fruit and Vegetable Develop¬ 
ment Corporation at Patna. The plant 
can process 50 tonnes of tomato to 
produce Tk tonnes of highly concenr 
trated tomato paste per day. A nota¬ 
ble feature of the CFTRI design is that 
it effects reduction in energy con¬ 
sumption by about 40%. 

CFTRI is also assisting the Bihar 
Fruit and Vegetable Development 
Corporation in setting up a fruit pro¬ 
cessing plant capable of processing 
50 tonnes of tomato, or 20 tonnes of 
mango, or 10 tonnes of pineapples, or 
5 tonnes of litchi in one day. 


Micromanometer 

T he National Aeronautical Labora¬ 
tory, Bangalore, has developed a 
micromanometer which has several 
design features that enhance its 


accuracy and operational conven¬ 
ience. It is a null reading instrument 
with a movable reservoir whose 
height is measured by a height gauge 
with a digital readout (range, 300mm; 
least count, 0.01 mm of silicone fluid). 
The drift of zero arising from changes 
in ambient temperature is almost 
eliminated by compensating for the 
effects of changes in surface tension 
and thermal expansion. The instru¬ 
ment has a quick response. 

The know-how for this instrument 
can be had on non-exclusive basis 
from National Research Development 
Corporation of India by paying a lump 
sum premium of Rs. 15,000. 


Glass-reinforced 
gypsum 

OOD, a natural composite 
material made of cellulosicfibre 
embeded in a matrix of lignin, is one 
of the primary construction materials 
for house building. The ever-increa¬ 
sing volume of construction work 
demanding more and more natural 
wood has caused not only gradual 
depletion of its source, i.e., forest, but 
has also led toits eversoaring prices 
and has created ecological imbalance. 

The Central Glass and Ceramic 
Research Institute, Calcutta, has 
developed a glass-reinforced gypsum 
(GRG), using glass fibre and high 
strength plaster of Paris; the tatter 
ingredient has also been developed at 
the institute. This composite material 
has a great potential for replacing 
wood in the construction of doors, 
partition walls, etc. Unlike wood, it is a 
random fibre composite and has ade¬ 
quate strength both in longitudinal 
and transverse directions. Besides 
eliminating fire hazard, it is free from 
the inherent disadvantages associated 
with wood, viz., rotting and wraping. 
Doors of GRG result In a cost saving 
of 25%-50% over those of wooden 
doors. 





ENVIRONMENT 

Is rain water sterile? 


I T is commonly believed that rain¬ 
water is the purest form of water, 
but it is not true. Anything in the air, 
inducting auto exhaust gases, indus¬ 
trial emissions, dust particles and 
other forms of gaseous pollutants, 
can get into rain water. Microbes in 
rainwater are not an exception. 

Biologically, atmospheric air con¬ 
tains mixtures of suspensions of pro¬ 
tozoa, bacteria, spores of cryptogams 
and pollen of flowering plants which 
are found suspended as microbial 
clouds in the atmosphere (Fig.1). 
During rain, the rain drops pick up 
air-borne microbes making rainwater 
non-sterile. 

Microganisms commonly occur in 
atmospheric dust. Water that falls as 
rain, hail, or snow whether on land, 
over ocean or on the poles may con¬ 
tain a surprisingly large microbial 
population. Many more bacteria are 
found in the raindrops at the begin¬ 
ning of a shower than after a long 
rainy spell. Raindrops in cities con¬ 
tain more microbes than rain falling 
on upland forests or pastures. Rain 
falling on large citTes may wash down 
annually more than 5 million orga¬ 
nisms to each square meter. Such an 
estimate is based on the knowledge 
that rain contains from 1-25 micro 
organisms per ml. 

'Rain can originate at various 
heights in the atmosphere and the 
microbial cloud which is below rain 
may be cleared by falling water drops, 
while the microbes above it remain 
undepleted. 

In water falling as snow, the 
numbers are usually larger than those 
in raindrops, presumably because of 
the larger surface area of the snow 
particles. As many as 500 microbes 
per gram of snow and 20,000 per gram 
of hail have been recorded. Snow in 
the high mountains and the water 
from glaciers are practically sterile. 


Natural raindrops vary in size up to 
a maximum diameter of about 5 Mm 
(1pm=|4.10'®m). Above which they 
become unstable and break up during 
fall into smaller droplets (Fig.2). A 
water drop falls at a terminal velocity 
(ranging from 1(Um/sec-1Q/im/sec) 
greater than the microbial particle in 
its path. Calculations suggest that 
raindrops of more than 2 am in size 


have the greatest efficiency in picking 
up particles. It is reported that the col¬ 
lection efficiency of spores of 4 m in 
diameter is about 25%. while of 20 

m-30 m spore size is 80%-90%. 
Hydrophilic particles are more easily 
picked up. Nothing is known about 
the pickup of non-spherical spores. 

Raindrops can act as electrostatic 
collectors because of two effects. The 
coulombic attraction between oppo¬ 
sitely charged spores and raindrops 
and by induced attraction (Fig.3). 

The phenomenon appears to be 
fundamentally distinct from the char¬ 
acteristic of -^ve and -ve charges 
acquired by particles in colloidal 
solution. The manner in which they 
are captured and carried by raindrops 
is influenced by the wettability of the 
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Fig. 2. Raindrops brsoHng to form 
dropIstB. 

microbial spora suf f aw» oporM 
are always observed at •« boundary 
layer where the droplets tre present. 
The readily wettable asum of the 
fungi like Cepha/osiseMiMin, Fusa- 
rfum, VertialUum and Pul&it»rla enter 
droplets with ease and are carried 
within. At low velocity ttto non- 
wettable spores of AtpmgHkt*, Cla- 
dosporlum , etc., are oaptured by 
molecular adhmion to flliit surface of 
droplets. A two year atsidy ef the 
microbes in rain water dtldysore'has 
revealed the dominance of'Aspergilli' 
type spores over others in precipi¬ 
tated water. However, non*wettabie 
spores are minute in size (Srsm-iMm) 
and are not deposited byeedimenta- 
tion or impaction. They are carried 
into upper air where they may form a 
biotic zone. 

After a shower, as water sinks some 
non-wettablesporesar si e p o e ited on 
the moist soil surface ortisbris, where 
they germinate, sporidals and dis¬ 
perse as dry spores by edndin a short 
time, contributing to air<|H>rne micro¬ 
bial clouds in atmosphiM after rainy 
days. 

Role In diseaee sprea4 

Microbes in rain wa||r Rave great 
influence on the terreetM phase of 
ecosystem. They causo aeverat pro¬ 
cesses of plant infectioS^pflhe infec¬ 
tion in the respiratliiy^- tract of 
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Fig. 3. aasaeHon iMtwssn oppositely 
charged eppsea and droplets 




Tile omnipresent 

T he epiei is the only object known 
at PF|Wt in the entire universe 
capable ^bupporting life. This life 
supportiaf psoperty of our planet is 
due to itaiaaique atmosphere. There 
is now a fd^ng concern about the 
***° atmospheric air by 
man mp||kpctivities. For our better 
living w a l i ' eri better food, better clo- 
thing/dli.* Also we need unpolluted 
atmospbiW. Before we talk more 
about paPutsd air we shall define 
what clapR air is. The clean air is 
defined PlIRe air occurring in areas 
sufficienlS! distant from places of 
human aPlMties and other abnormal 
influencpt. Pollution of the air is gen¬ 
erally saaPCiated with man's indus¬ 
trial and tUlRestic activities. Though 
many oCtim gaseous pollutants are 
also emHIPP by nature (such as vol¬ 
canic eruptions) man's activities do 
adversely affect the quality of the 
atmosphirie air particularly near 
dense tlfppa areas and near large 
nmiiiirin pmirrnr 

Air ppMdion caused by human 
activity fiHalways existed ever since 
fire cama:ta be used, but the pres- 
ent st atp 4b t o bad that we have to 
conlrdH Ij^^ 

OarbiiiPpanoxide (CO) is pro¬ 
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vertebrates. Dissemination of wheat 
rusts due to rains from the Himalayas 
to the northern plains and from Nilgi- 
ris and Puini hills from south to cen¬ 
tral India is well-known. Recent 
studies on the epidemiology of brown 
and black rusts have shown that quite 
often spores from southern sources 
are directly transported to central 
India and deposited mainly by rains. 
Such a spread occurs to a distance of 
more than 600 km. sometimes without 
infecting the fields. Micro-organisms 
in rain also play some role in spread of 
animal diseases especially the foot 
and mouth disease of cattle and 
sheep. 


Onkar J. Chakre 
Wealth of India 
Publications & Information 
Directorate 
Hillside Road 
New Delhi-110012 


polluted air 

duced mainly by the incomplete com¬ 
bustion of carbon and its compounds. 
The automobile is by far the largest 
single emission source of this gas. It 
is more toxic than other pollutant 
gases. It reacts with hemoglobin in 
the blood forming astablecompound 
which restricts transport of oxygen 
from lungs to cells. A relatively low 
concentration of CO, because of its 
hight affinity to hemoglobin, isableto 
displace a considrable amount of 
oxygen to form the CO-hemoglobin 
complex known as carboxyhemo- 
globin. Oxygen transport problem in 
humans can arise when the carboxy- 
hemoglobin content of their bloc^ 
reaches 5%. It is to be noted here that 
smoking a packet of cigarettes a day 
produces carboxy-hemoglobin levels 
of about 5%. 

Oxides of sulphur (such as SOz 
HzS and compounds of SOa) also add 
to the pollution of air. These gases are 
emitted by combustion of fossil fuels 
(coal, oil, natural gamete.) containing 
sulphur (thermal power plants), smel¬ 
ting of sulphite ore and from biologi¬ 
cal processes. These gases are 
washed down from the atmosphere in 
the form of sulphuric acid (F^SCy. 
The presence of increasing concen- 
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tretions nf (^04 in the lower atmos¬ 
phere is indicated by the increasing 
and more widespread occurrence of 
"acid rain” 

Oxides of nitrogen (NaO, NO, NO 2 ) 
also produce “acid rain". These gases 
are produced from the biological 
activities in the soil, in furnace and 
also from the automobile engines. 
These gases through many photo¬ 
chemical chain reactions, produce 
gases which are irritating in odour and 
corrosive. In the atmosphere these 
gases produce nitric acid (HNOs) 
which is washed down and contribute 
to "acid rain”. 

Acid rain, is nothing but rainfall 
with a higher amount of acidity. The 
acidity of a aqueous solution is 
defined by pH, a way of indicating 
hydrogen ion concentration. Pure 
distilled water is neutral and has a pH 
value of 7.0. The pH value of the natu¬ 
ral rainfall is 5.7 since it is in equili¬ 
brium with atmospheric CO; and is 
therefoce slightly acidic. The pH value 
of a tomato juice is 4.3 and that of 
lemon juice 2.2. Most of the fish spe¬ 
cies will die in a water with a pH of 4 4. 


Typical pH values of rainfall over 
much of eastern North American are in 
the range of 4.0-4.5. According to the 
published data of WMO sponsored 
pH monitoring programme in our 
country during 1977 to 1979, the rain¬ 
fall pH values Ije mostly in the range 
of 5.5 to 6.9 over Bangalore, Delhi, 
Hyderabad, Nagpur and Pune. How¬ 
ever, Pune shows a decreasing trend 
in pH value with a minimum of 4.93 in 
1979. As defined earlier acidity of the 
rain water increases when theamount 
of oxides of sulphur and oxides of 
nitrogen increases in the atmosphere 
to produce more H 2 SO 4 and HNOs. In 
this context, it is feai«d that the Taj 
Mahal will be affected by the pollu¬ 
tants emanating form the Mathura Oil 
Refinery and local industries. Acid 
rain also reduces fertility of the soil. 

Carbon dioxide (CC^) which is pro¬ 
duced world-wide by the combustion 
of fossil fuel has become a topic of 
concern as it is increasing at a rate of 
about 7% per year. Its increase in con¬ 
centration will increase the surface 
temperaturp of the earth as it absorbs 
infrared radiation emitted by the 


earth. According to a theoretical esti¬ 
mate, doubling of the CQ 2 content 
will increase the earth's surface 
te.mperature by 3°C (±1.5»). This will 
cause serious climatotogicat changes. 

The ozone layer in the atmosphere 
is important to our life since it absorbs 
potentially harmful solar ultraviolet 
radiation. A small decrease in the 
amount of ozone will increase the 
amount of this radiation reaching the 
earth's surface thereby increasing the 
incidence of skin cancer. Presently, 
there are many man made pollutants 
which are capable of depleting ozone 
amount. These include oxides of nit¬ 
rogen released from nitrogen fertiliz¬ 
ers, supersonic transport exhausts 
and from nuclear explosions. 

So, there are many gases which 
pollute our atmosphere. A systematic 
study, which is lacking at present, is 
needed to monitor and regulate these 
emissions. 

Shyam Lal 

Physical Resaarch Laboratory 
Ahmedabad-3B0009 
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BOOK REVIEWS 


DICTIONARY OF ORGANCMETAL- 
LIC COMPOUNDS, C/iap/rran and 
Hall, London (1984), 3 Volumes, 
approx. 3000 pages (Available with 
B. I. Publications. 54 Janpath, New 
Delhi 110001), £575 (for 3 Vols) 

F rom :he publishers of the well- 
known and standard reference 
work Heilbron's Dictionary of Organic 
Compounds (now In 5th edition) 
comes Dictionary of Organometailic 
Compounds in three volumes. This is 
the first major dictionary-type publi¬ 
cation in organometailic chemistry, 
which since 1950s has registered 
phenomenal progress. The publica¬ 
tion of the Dictionary marks, in fact, 
the belated recognition of organome¬ 
tailic chemistry as a discipline in its 
own right. The listing of as many as 
15,000 organometailic compounds 
only testifies to the fact that this 
branch of chemistry is now a full- 
fledged discipline. The importance of 
orgpnometallics derives from the fact 
that they find use, among others, as 
catalysts in a wide range of chemical, 
biological and industrial processes, 
he Dictionary of Organometal- 
lie Compounds (DOC) is, however, 
to be viewed as complimentary or a 
companion to both Heilbron's Dic¬ 
tionary and Pergamon's treatise 
Comprehensive Organometailic 
Chemistry (Barton and Ollis; 9 Vols, 
1982). DOC covers twice as many 
compounds as Pergarrion's Diction¬ 
ary and 15 times as many as Heil- 
bron’s. The advantages of DOC for 
the busy scientist lie in the encyclo¬ 
paedic structure of the compilation 
which pinpoints data on compounds 
unlike Pergamon’s. However, when 
electronic publishing, especially in 
relation to databases (which need to 
be continually updated), is fast 
replacing conventional hard copies, 
the latter's use predictably will be 
limited to Third-World researchers 


because of their inaccessibility to 
electronic media. A case in point is 
the monumental Beilstein Handbook 
of Organic Chemistry which will 
become “Beilstein Online” from 
1987—database being located at 
Rachinformationszentrum in Karls¬ 
ruhe (FRG) where C^hemical Abstracts 
Service (CAS) will also have its copy. 

The data provided in each entry in 
DOC include: molecular formula, 
structure diagram, preferred names 
and important systems, CAS registry 
number, physico-chemical charac¬ 
teristics. reactions, uses as well as 
toxicity data, besides selected litera¬ 
ture references. 

The Dictionary is divided into ele¬ 
ment sections, and within each sec¬ 
tion the entries are arranged in order 
of molecular formula according to 
Hill convention (C, H, other elements 
in alphabetical sequence of element 
symbol). Where no carbon is present 
the elements including H are arranged 
alphabetically. There is a section for 
every element except for H,C,N,0,P, 
Se and Te, the halogens, the noble 
gases, and unstable radioactive ele¬ 
ments for which no organometailic 
compounds have been well charac¬ 
terised. 

Every entry is numbered, the entry 
consisting of the metal element sym¬ 
bol followed by a 5-digit number. 

While the first two volumes consist 
of main entries (Ag-Fe and Ga-Zr), 
the third volume comprises three 
indexes: compound names, molecu¬ 
lar formulae and CAS registry 
numbers. Annual supplements to the 
Dictionary will also be issued, the first 
supplement being scheduled for 
release in September 1985. 

The Dictionary will be an invalua¬ 
ble tool to specialists in organometai¬ 
lic research whether they are basic 
researchers in organic chemistry and 
biochemistry or technologists work¬ 
ing in industry as well as to post¬ 
graduates working in analytical or 
pharmaceutical laboratories. 

Discounts of 15% and 20% (this rate 
to customers providing names and 
addresses of end users) are offered 
by the Indian distributors. 

P.S. Shankar 

THE UNIVERSE WITHIN By Morton 
Hunt, Corgi Books (Available with :— 


India Book Distributors, 107/108, 
Arcadia, Nariman Point. Bombay- 
400021). pp.400. £2.95 

E very now and the, one hears 
some political leader in the 
country exhorting scientists to 
inculcate among the masses scien¬ 
tific temper, an attitude to think and 
work in a logical and systematic 
manner. It is firmly believed that 
scientific temper can be inculcated 
'among the masses by popularising 
science and technology through var¬ 
ious mass media. After reading the 
book under review, one begins to 
wonder whether all these intellectu¬ 
als really know anything about scien¬ 
tific temper or the basic purposes of 
science popularisation. There seems 
to be an abysmal lack of understand¬ 
ing of the human mind itself among 
our intellectuals, not to speak of the 
masses at large. The basic purpose of 
the book under review is to fill the 
void in their understanding of the 
human mind. 

Humans are basically illogical 
beings. They behave in logical and 
systematic manner only in a particu¬ 
lar set of circumstances or when they 
themselves want to do so. Experi¬ 
ments have shown that a man 
acquires scientific temper, that is he 
behaves in a logical and systematic 
manner when he undergoes school¬ 
ing where the rules of logic are 
taught. In other words if our leaders 
really want that the masses should 
have scientific temper, schooling 
should be made compulsory for every 
person. This is just one illuminating 
point the book under review tells 
about the human mind. In fact, as one 
goes through this lucidly written 
book, one finds his beliefs about 
human mind crumbling one after 
another. At the same time, he also 
recognises several things observed 
about it in his daily life to which he 
has not given much thought. The 
book is a marvellous effort at popu¬ 
larising the latest developments in 
the newly developed field, known as 
cognitive science. 

Cognitive science as a discipline 
came into being more than 20 years 
ago, when a large number of other 
disciplines as diverse as computer 
. science, linguistics, formal logic, 
anthropology, neurology, and child 







development began to converge on 
central issue of human thinking pro¬ 
cess. Although today it is a recog¬ 
nised science with giants such as 
Jean Piaget, Noam Chomsky, etc., 
contributing some revolutionary ideas 
to the subjects, it has still to produce 
a single grand unifying theory which 
explains every aspect of human 
thinking. At present, it is found to 
throw tight on various specific issues 
into the subject, namely, memory, 
problem-solving, etc., each with its 
own separate laws and theories, 
which are, of course, not incompati¬ 
ble with one another! The book under 
review written by a science popular- 
iser who has been writing on psychol¬ 
ogy for a longtime, therefore, gives at 
one place all the latest ideas, experi¬ 
ments and laws not found elsewhere 
in the literature and wh jh a layman 
should know. How the mind works, 
how it creates new ideas and theor¬ 
ies, and what makes it superior to a 
computer, etc., have been discussed 
in an mteresting and entertaining 
manner. 

The book is necessary for one who 
wants to know how he thinks what he 
thinks. 

Dilip M. Salwi 

PHYSICS (PART I & II) By U.S.Kush- 
waha, Punjab Schoot Education 
Board, Sahibzada Ajit Singh Nagar- 
160055, Pp.379 & 283, Rs. 12.80» 
Rs.9.75. 

T he book under review comprising 
two parts has been written specifi¬ 
cally to meet the requirements of the 
students of clas XI of the Higher 
Secondary Schools of Punjab. The 
topics covered in Part I of the text 
inplude mechanics, heat and sound 
while Part 11 deals with the topics 
optics, electrostatics, electricity, mag¬ 
netism and atomic structure. The text 
has been presented in a lucid and 
easy-to-follow style with common 
examples drawn from day>to-day life 
which makes it all the more intersting. 
The various physical concepts and 
principles are introduced in a manner 
which the students will find no diffi- 
cilty in following. The mathematics 
used in the book is simple. To have a 
better grasp and understanding of 
various topics covered in the text. 


adequate number of questions and 
problems have been included at the 
end of each chapter. Moreover, some 
solved examples are also provided. 

The book Is expected to be useful 
for class XI students of Delhi and 
other Education Boards as well. How¬ 
ever, there are many printing errors 
particularly in Part II’ of the text. The 
reviewer finds a seven-page errata 
that is included at the end of Part II of 
the book. One only wishes that 
instead of giving an exhaustive list of 
errors the author should have made a 
little effort in the beginning stage to 
minimise the printing errors. The 
quality of the paper and the printing 
are also far from satisfactory. Some 
improvement in this regard is neces¬ 
sary. 


P.K.Mukherjee 

CURRENT CONECPTS ON FUNGAL 
DISEASES OF RICE By S.Gango- 
padhyay (1983), Today and Tomor¬ 
row Printers & Publishers, 24-B/5, 
Desh Bandhu Gupta Road. Karol 
Bagh, New Delhl-110005, Pp. 349, 
Rs 195.00 (US$39.00) 

I NTENSIFIED cultivation of high 
yielding varieties of rice and undue 
appiication of heavy nitrogenous and 
other fertilizers in recent years have 
considerably weakened the genetic 
potentiality of the host cells to resist 
the fungai pathogens Rice varieties 
combinging high yielding and dis¬ 
ease resistance qualities are yet to be 
developed 

The book under review deals with 
the current concepts on the incidence 
and control of various diseases and 
post-harvest problems. The book con¬ 
tains eleven chapters describing var¬ 
ious fungal diseases of rice,viz., blast, 
sheath blight, brown spot, stem rot, 
sheath rot, false smut, kernel bunt, 
fusariosis and mycotoxins in rice. 
Each chapter describes in detail the 
symptoms, assessment of loss, epi- 
dome, pathogen, genetic basis of res¬ 
istance, scoring system and possible 
control measures. Since the fusarium 
disease of rice is caused by different 
causal organisms the author has 
coined the new terminology Fusario- 
s/s,covering various symptoms under 
various agro-climatic conditions 


_NedOK REVIEWS 

^Chapter 6). Chapters 7 to 9 deal in 
detail with the diseases of secondary 
importance, false smut and kernel 
bunt as these diseases appear in 
almost all rice growing areas. “Fungi 
on and in rice seeds” (Chapter 
10)gives a clear picture of the seed- 
borne diseases of rice and their con¬ 
trol measures, including quarantine 
regulations. The last chapter on 
mycotoxins in rice is an important 
and interesting feature, which has not 
so far received attention. A biblio¬ 
graphy covering about 1000 referen¬ 
ces has been given at the end. 

Inspite of some printing errors, 
inexplicit illustrations and the high 
price of the book, it should find a 
place on the bookshelves of students, 
teachers and researchers. 

Tapan Mukerjee 

THE BOTANICAL WORLD By David 
K. Northington and J.R.Goodin, Times 
Mirror, Mosby College Publishing, St. 
Louis, Toronto, Santa Clara (1984), 
Pp. 646, $27.95 

T his book looks like many others 
which teil us about ail the aspects 
of plant life, be it morphology, physi¬ 
ology of the various ecological habits. 
However, it stands out from the rest, 
as in addition to being informative it 
succeeds in giving us an appreciation 
of the plant world. 

I for one do certainly believe that 
unless we appreciate the bounty 
and beauty of Nature, unless we 
revere life, we cannot work towards 
its preservation. It is a sheer delight to 
go through the book. Classically, the 
study of botany was narrow and com¬ 
partmentalized. Botanists would inva¬ 
riably lose sight of the whole in their 
efforts at understanding the parts. 
The approach of the authors in this 
book is in keeping with the spirit of 
the times. 

A plant's role is not merely to give 
us humans food, clothing and shelter 
but plants are of crucial importancein 
our ecosystem. In oxygen produc¬ 
tion, erosion control and in maintain¬ 
ing the overall ecological balance on 
our planet plants play a major role. 

The first chapter is entitled, "Why 
Botany”. Obviously, the authors in- 
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form the readers about the impor¬ 
tance of the subject. 

Professors K. Northingtonand J.R. 
Goodin have written this book after 
an experience of thirty years of teach¬ 
ing. As they have said in the Preface, 
“We have found that the texts fail to 
project the excitmentand importance 
of botany in dally life." They have suc¬ 
ceeded in their mission. The book 
does manage to develop in us an 
appreciation of the plant world. A lon- 
gish chapter on wood reminds us of 
the many experiences we have had 
during our holidays or field trips to 
the wilderness. Also, many technical 
details have been included along with 
photographs to give the reader infor¬ 
mation about the various cuts and 
grains of wood. 

Trees can engulf rocks, nails and 
even trunks of other trees. A photo¬ 
graph shows how an oak tree has can¬ 
nibalised a smaller Douglas fir tree, 
information of this kind certainly 
makes the study of the subject more 
exciting. 

As mentioned earlier, this is a text¬ 
book— it includes exhaustive and 
comprehensive chapters on all aspects 
of botany—for example. Origin of Life 
and Evolution, Agriculture, Energy 
flows. Forest Management. Uptodate 
with information on Biochemistry and 
Physiology, the book would be apt for 
B.Sc.(Hons.) and M.Sc. students. A 
good addition to any library. And very 
fascinating for those who are out of 
touch with the subject after having 
studied it in school or college. It is a 
text-book but with a difference! 

The last chapter, 'Now, Why 
Botany'? is a passionate plea to our 
conscience; it convinces us about the 
importance of conservation without 
moralising. The chapter begins 
with aquotation from “A sand country 
Almanac with other essays on conser¬ 
vation from round river" by Aldo 
Leopold. 

"He who hopes for spring with 
upturned eye never sees so small a 
thing a Draba. He who despairs of 
spring with downcast eye steps on it, 
unknowing. He who searches for 
spring with his knees in the mud finds 
it. in abundance". Draba is indeed a 
small, plain unimportant flower. 
Botany books give it two or three 
lines, but nevera plate or portrait. But. 
as Aldo Leopold feels, Draba's place 


in the botanical world is as important 
as larger, more visible and more use¬ 
ful plants. He goes on to say, "That 
realization sets apart the botanically 
educated from the average citizen. 
When more of the world’s people view 
themsetvra as natural members of the 
biotic community instead of users of 
it, then the future balance and stabil¬ 
ity of the community is secure, as is 
the future of each of its individual 
components.” 

RaTNABALI M'TRA 

GEMINI GOD By Garry Kilworth, 
Penguin Books Ltd., 536 Kings Road, 
Londop SW 10 OUH, ](Available with: 
Penguin Overseas Ltd., 706, Eros Apt. 
56, Nehru Place,New Delhi < 10019), 
Pp. 240,£ 1.75. 

T H ERE seems to be a definite trend 
these days among Science Fiction 
writers to dabble in metaphysical 
themes. In Greek mythology. Castor 
and Pollux were twin brothers of 
Helen of Troy. They became great 
heroes after they rescued Helen of 
Troy by invading the City States of 
Athens. Sailors in storms prayed to 
them; they became the patrons of tra¬ 
vellers and of hospitality as well as of 
public games. As one myth goes, 
Zeus set them among the stars after 
their lives on earth and the constella¬ 
tion of Gemini (i.e., of twin Stars) has 
since been napied after them. Here 
too, a pair of twins (who happen to be 
girls this time) who have been looked 
up to with awe and respect, gain 
immortality by becoming stars in the 
Universe. Only, here they get trans¬ 
formed into energy rather than die a 
natural death. 

Qemfni God is about a set of experi¬ 
ments which are being conducted on 
plenet Earth, with several sets of twins 
to study a phenomenon called tele¬ 
metry. Twins have for long been 
known to communicate to each other 
in an unaccountable way. Separated 
at birth, there have been those who 
knew the instant their brother or sister 
died. 

As John Strecker, the Project 
Leader explained, “telepathy involves 
point to point communication with a 
hysical path in between—Mind 
Wave. Waves have to travel and travel 
involves time. New Carthage is a long 


way away—we can’t afford to take 
time. We need instant communi¬ 
cation.’’ 

New Carthage is an inhabitable 
planet circling the star. Wolf 359. 

Six pairs of twins have been 
selected so as to study if experiences 
are simuitaneoufly shared between 
them rather than transmitted from 
one to the other. Each twin is being 
looked after by a foster mother in her 
early thirties. These genetically engi¬ 
neered twins are produced in an artifi¬ 
cial uterus—the sperm and ovum 
having come from donors. 

The experiment involves exposing 
the twins to a life-size photoghaph of 
a gin—the natives of New Carthage, 
who are cheetah like. A phobia is built 
up for gins in each of the test pairs. In 
other words, they are conditioned tci 
react to a make-believe nightmate. ti 
the last lap of the experiment, one 
twin is shown a holographic slide of 
the gin in a closed, sound proof room. 
Does the fear of the gin in one twin 
arouse similar emotions in the other? 
This is what John Strecker and his 
team want to find out. One pair after 
another is tested but most of them do 
not show any results. That is, while 
one is screaming with fear the other is 
not affected at alL 

On Lo and Ti Lo, Nicole's charges, 
surpassed all the Project Leader’s 
expectations. As On was being shown 
the gin’s image, even Nicole, her fos¬ 
ter mother started experiencing 
strange sensations flowing all through 
her body. She was terrified and quite 
illogically screamed out (to nobody in 
particular) to stop the screening of 
the gin’s image. As Nicole ran into 
On’s room, she found that the child 
had become a source of energy. But 
Nicole was only human, her maternal 
instincts came first. In her despera¬ 
tion, she shook the girl violently and 
slowly, the warmth came back to On’s 
body and her heart started beating. 

John Strecker was not sure what 
had happened. Nervously, he checked 
up with Nicole if she too had felt some 
sort of vibrations going through her 
body at the time the gin’s image was 
projected and shown to On. Ti, he 
reported had gone as stiff as a pole 
and On had done the same. Thf 
experiment had been most success- 
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fut. Only, Nicole who is all along 
shown to be a rational, unemotional 
individual, revolts. She has been a 
mother of the twins—she abhors the 
idea of building up and exploiting their 
fear even^if it means a major break¬ 
through in communication. In order 
to protect the children from facing 
such terror once again, she takes the 
twins and runs away. Revolting at a 
crucial juncture seems to be quite a 
trend in Science Fiction stories. 
Maybe it is the only way to highlight 
the fact that human beings are after 
all the most important factors. And 
that the human mind would continue 
to be the ultimate decision-maker. 

The local people of Outer Angles 
had heard about the queer ‘going on’ 
in Mansion House. Some of them had 
even started looking upon OnLo and 
TiLo as gods. They give their whole¬ 
hearted support to Nicole when she 
runs away with her children to save 
them from the horrors of the experi¬ 
ment. 

Outer'Angles is in the suburbs of 
London—and the weather in early 
December had normally always been 
severe. But that year, the season was 
exceptionally mild. Something queer 
had certainly happened; thebirds, the 
plants and the animals too were 
behaving as though it was anything 
butwinter The vixen for instance was 
in cub. The villagers were delighted, 
and were sure that all good fortune 
was due to the special powers of the 
twins. 


But of course, it is not-RHil* possi¬ 
ble for rebellion of any MM to suc¬ 
ceed in the year 2096. TflPlMels are 
soon hunted down and experi¬ 
ments resumed. 

As the story unfolds, Alex goes 
through a series of expiMitnces. He 
meets all kinds of psopli ranging 
from the very rustic kin^^Pthe very 
technical, straight-fsiSMiosmo- 
tional variety. Also, lliB •■mwABApB- 
riences he goes througRdhows us 
what life and love could he Uke in the 
year 2096 A.D. Nicole’S M ||ps n ce on 
him has made him award’w ihe writ¬ 
ings of Mathew Tse—a pbHesopher of 
the times. Frequent refsMrtCes to his 
teachings remind the reader that the 
human mind is not going to lose the 
faculty of wondering as tewhat life, 
love or the Universe is all about. 

The twins also show ASlMMhuman 
reactions like today's kiM, During the 
last lap of the experimsfrt. One of the 
twins stays back on plandfeCarth with 
Nicole and the other goal up to New 
Carthage—or rather stM* Sting 
Ray Craft—a floating of the 
planet with no Mayor. JfMl Strecker 
had planned that the nativM of New 
Carthage would be shown to On Lo 
and her twin's reaction teOnLo'shor¬ 
ror of the sight would bffOCQrded on 
Earth. But before all Ms could 
happen, even while the ooeitmatiza- 
tion was going on, an ordlhery letter 
from Nicole arrives. On Lo walks off 
from the raft to look foiMsir mother 
And although she isfound. It Is on this 
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On both sides of the equation to 
obtain 

,1 Oa 4-e+10b-f f-f 10c+g-F 
,10d-f-h=10e-f-a+10f+b+1Co 
-I-C"f'10h4"d 
or 9aT9b-f 9c+9d 
==9e-f9f+9o4-9h 
or a+b+c-f d-=e+f+g+h 
which is the same as the originai 
equation. 

Reverting back now to our 
multigrade, we have on combin¬ 
ing the terms in the same manner 
the equation 

12"+43"-F65’‘+78* 
=21“+34“-i-56"+87- 
This gives on rearrangement 


12’‘+43"+65"+78" . 

=87"-f-56"+34»-|-2t" 
which is a second or Ctor.multig ra- 
de true for n—1 and i't*,!' 

12.+.43+65+78 
=87 + 56+34+21 
12i+43*+65-+78* 
=872+56'+34-’+2t» 

This is indeed an unusual multi¬ 
grade as on both sides As -digits 
1 to 8 are used once aMif. More¬ 
over, each side happMU^e be the 
reversal of the other. 

Below we mention • fantasti 
caliy unsual multi granfiB 4iue to 
late Royal V. Heath, m jRmerican 
magician and mathesHlliMi puz- 


occaeiiMi that she disappears most 
myteriouely. She gets transformed 
into Energy and Alex could swear that 
she had ji^ned the stars in the Uni¬ 
verse. What is more, Nicole reports 
later that aiabout the same time Ti Lo 
also had vti^hed. 


Ratnabali Mitra 


i ja e ks Received 

.. INTROBUCnON TO NUCLEAR 

SCIBNCE’tr M.N. Sastri, Affiliated 
East-Waat Press Private Limited, 104 
Nirmal Tower, 26 Barakhamba Road, 
New Delhi*Tl0001 Bp. 169, Rs. 17.00 

2. COLUICTED WORKS OF 
MEQHNABNMtHA edited by Santi- 
may Qhatterjee, Orient Longman 
Limited, '1/24;. Asaf Ali Road, New 
Delhi-1 t098t; Bp. 591, Rs 75.00 

3. FROIffIKRS OF LIFE SCIEN¬ 
CE by Jag^lt Singh, Sangam Books 
(India) Pvt Ltd., 160 Anna Salai, 
Madras-e60eO2, Pp. 139, Rs 16.00 

4. INOMANIC CHEMISTRY 
CONCIRYB by P.ll. Son! and Mohan 
Katyal, SiPlen Chand and Sons Pub¬ 
lishers, 4781/23, Daryaganj, New 
Delhi-110002, Pp. 332, Rs 27.50 

5. FURTIBBI PRACTICAL MICRO— 
ELECTBDMltS by Peter Simmons 
(Available with: B.l. Publications, 
Promotion Department, 61-63 
Lakahmi Building, 4th Floor, Sir Phi- 
rozshah Mehta Road, Bombay-400001, 
Pp. 179,£6JS 


ZliSt T18jk is a second order 
miHtigredf (n=-1, 2) of the form 
1.1 18"+1.8 81"+8.18r+8.8t8'* 

=1,1i1?+1,818"+8,818"+ 

8 , 8 «r» 

Intereettngly, If we reversa this 
multigredb we have another, 
namely, 

1,888-+8,181“+-0,881"+1,811- 
=8,11I^8,181*X 1,881"+ 
8,11t» 


P. K. Mukherjee 
Lecturer in Physics 
Deshbandhu College 
mUkaji, New Delhi-110019 
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Rockets shoot into space Telephone calls are made Virk 
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Fusion Power 

I Sir. Heavy water for nuclear power 

i Industry by B.K.S. Nair (S.R., August 
1984) was interesting Although the 
) author has essentially dealt with fis- 
' Sion technique, he has. in the con¬ 
cluding paragraph, briefly alluded to 
the fusion mechanism and that it can 
provide an answer to the future 
energy requirements of human beings 
The explosion of the H-bomb is an 
example of fusion process, which 
uses heavy hydrogen and which is 
essentially an uncontrollable ther¬ 
monuclear reaction In spite of tre¬ 
mendous research work done in the 
last few decades, intricacies of con¬ 
trolled fusion reaction have not beer 
mastered They are (1) to produce 
the temperature necessary to ignite a 
fusion chain reaction—about 350 mil¬ 
lion degrees: and (2) to hold the 
temperature in any kind of working 
system 

Heavy water or DtO containing 
heavy hydrogen forms about .02 per 
cent of water in the oceans and its 
separation from water is a well-known 
process. According to Prof. G. Gamow. 
the total amount of nuclear energy 
available from the oceans through 
this process of fusion is e^lO^’calo- 
les This energy can last for 60 bil lion 
years—much more than the sun is 
ixpected to last. 

S.K. Qurtu 

Simulation and Optimisation Group 
I 1' Block, New Delhi-110001 

The suicidal sound 

>ir. In Funambulus—the Indian palm 
duirrel {S.R., Aug 84), Amresh 
'hander Panday has described some 


morphological and reproductive 
behaviour of the squirrel. I may add 
something more about the response 
of the animal to certain types of 
sound F pennanti has a peculiar 
sound philial behaviour for motorcy¬ 
cles. especially those with 2- stroke 
engines On hearing sound of a 
motorcycle, the squirrel climbs down 
and comes on the road. As the vehicle 
approaches nearer, the squirrel gets 
increasingly excited and makes fast 
zigzag movements on the road near 
the area of the highest sound vibra¬ 
tions. In this attempt it is often run 
over 

Is the behaviour of peacock to 
thunder and of squirrel to whirring of 
vehicles in any way correlated or is it 
the impact of fast industrial develop¬ 
ments on animals around us'> 

Risal Singh 
Vety. Surgeon 
C. V. H. Bhattukalan 
Distt. Hissar (Haryana) 

Perfect numbers 

Sir. In Some interesting properties 
of perfect numbers by P K Mukherjee 
{S.R . May-)une 1984). the author has 
mentioned m first para (p 275) that ‘A 
total of twentyfour even perfect 
numbers has so far been known', but 
It IS a very old information The next 
three perfect numbers. i e . 25th, 26th 
and 27th correspond to p-21701. 
23209 and 44497 respectively in the 
Euler's formula for even perfect 
numbers, viz , 2^' (2?-1) 

The 28th perfect number v” dis¬ 
covered in May 1983 at the University 
of California and is (2“^«-1) 2“='’^ 
The largest perfect number so far 
known is (2”'''’*“-1) (2’“'“«) and it cor¬ 
responds to the largest known prime 
number (2’5'’"*»-1) which consists of 
39751 digits. 


Shyam Sunder Gupta 

IRSE(P) 
IVesfern Railway 
Bombay 


Prosopis tuliflora 

Sir, The article Prosop/s /ulillora by 
S.D. Khanduja {S.R., Sept 1984) was 
good and informative. I have consid¬ 
erably studied ecological and eco¬ 
nomic importance of this extremely 


hardy tree in Thar desert. Besides 
being an ideal firewood tree having 
high biomass energy value, it has 
high fodder value also as its legumes 
are highly palatable to domestic her¬ 
bivore animals. The legumes are nut¬ 
ritive having 13% protein and 74% 
carbohydrate. The plant has notable 
ecological importance too Thickets 
of Prosopis give shelter to a large 
number of verterbrate species, e g., 
the hare, blackbuck nilgai, jackal, 
wolf, jungle cat and the monitor 
lizard, etc They also help in reducing 
high velocity winds thereby reducing 
soil erosion. P.juliflora is a multipur¬ 
pose useful tree of aridlands which 
can play a vital role in development of 
wastelands for social forestry for eco¬ 
logical and economic importance and 
utilities 

Indra Kumar Sharma 

Bhagwati Bhavan 
Ratanada Road 
Jodhpur-342020 

Bamboo—the tree grass 

Sir, The article Bamboo —the tree 
grass by MS Hague (S.R, September 
1984) was interesting and informative 
The fact that bamboo is generally 
propagated vegetatively through rhi¬ 
zomes, offsets or culmcuttings has 
been dealt with in detail. I would like 
to add more 

As IS well-known, many tropical 
bamboos flower gregariously and 
seed after long intervals. They are 
hence mostly propagated vegeta¬ 
tively using rhizomes and offsets. But 
such materials have some disadvan¬ 
tages since they are difficult to 
extract, bulky to transport and inade¬ 
quate for large-scale artificial regen¬ 
eration Culm and lateral shoot 
cuttings, on the other hand, would be 
relatively much more convenient and 
economical to use if they could be 
induced to root and established as 
new plants. 

Seethalakshmiefaf. (1983) working 
on Bambusa ba/coaRoxb.,acommer- 
cial species, obtained success after 
pretreatments with some growth reg¬ 
ulatory substances. They have repor¬ 
ted that besides auxins, some non¬ 
auxin substances like coumarin could 
induce bamboo branch cuttings to 
root. Even better response was 


(Continued on Page 836) 




LIGHT PRODUCING 
ORGANISMS 

DHAN PRAKASH 
P. S. MISRA 


The most striking feature of blolumlnlscencelsthedl¥erslty 
of organisms that have developed the ability to emit light. 


G littering of “mystery meat”, 
glowing of freshly rotten woods, 
burning of sea, flash of fireflies, light 
emitted by glowworms and allied 
organisms during night orindark had 
always been a nnint of great curiosity 
till the »eciet behind all these was 
unfolded by Robert Boyle in 1668. He 
observed that the light in the putrefy¬ 
ing wood or decomposing fishes dis¬ 
appeared in the absence of air, which 
meant that the light emission was 
limited to the availability of oxygen. 
Light emission by living cells or orga¬ 
nism is widely known as biolumlnis- 
cence. This word has been coined 
from the Greek word, f)/os=life, lumi- 
ni=light and may be defined as emis¬ 
sion of visible radiation by an 
enzyme-catalysed reaction The light 
emission takes place In an aqueous 
environment at near neutral pH, and 
is not accompanied by heat, hence is 
often called cold light, 

.The most striking feature of biolu- 
miniscence is the diversity of orga¬ 
nisms that have developed the ability 
to emit light. They include some bac¬ 
teria. fungi, protozoan (flagellates), 
sponges, coelenterates, ctenophors 
(small jellyfish-like animals), annel¬ 
ids, marine worms, squids, centi¬ 
pedes, millepedes, crustaceans, mol¬ 
luscs and insects, etc. Fresh water 
organisms, though closely related to 
ms^rine light emitters, are not luminis- 
cent except Latia nentoides which 
spends its entire life in fresh water. 
The other salient feature is its 
absence in higher animals such as 
amphibians, reptiles, birds and mam¬ 
mals, except a few species of fishes 
where too it is merely due to the pres¬ 
ence of symbiotic luminiscent bacte¬ 
ria. 

The interesting practical use of 
such a light was made during Second 
World War by Japanese soldiers. They 
used the dried powder of Cypridina 
(Fig. 1. a marine crustacean) as a 
source of low intensity light when 
they did not want to run the risk of 
using flash light. A small quantity of 
the powder, on being moistened with 
saliva on palms, produced enough 


light for reading a map or a message 
in dark. 

The most attractive luminous orga¬ 
nism is the larval form of a South 
American beetle Phrixothnx which 
bears 11 pairs of.luminous green 
spots along the sides and a pair of red 
spots on its head. When on rest at 
night, only the red spots shine giving 
it the appearance of a burning cigarette, 
but while crawling, the green spots 
are switched on. The whole animal 
resembles a moving train, hence it is 
referred to as the “rail road worm". 

Other eye catching luminisqent 
organism is the Click beetlePyropho- 
rus noctilucus (Fig. 2) which is deco¬ 
rated with two oval greenish spots, 
one on each side of the front part of 
the body. The spots, while emitting 
light, resemble an automobile head 
light The insect is also called "auto¬ 
mobile bug”. 

Photuns pannsylvanica (Fig. 3), a 
common North American firefly, has 
a heart-shaped luminiscent area on 
the ventral side of the last three 
abdominal segments that emit orange 
light. The allied Indian firefly (Hindi; 
Jugunu) that emits light in dark nights 
of rainy season is known as Photi- 
nus. The light of firefly is a mating 
device to attract the opposite sex 
Light signals presence of a waiting 
female in the grass. Recognition 
between a male and a female depends 


on the colour and time interval of the 
emitted light. 

The luminous dinoflagellates, 
Gonyaulax, Noctiluca, Pyrodinium, 
etc. also emit light. The glowing of 
water, popularly known as “burning 
of the sea”, and "red tides", which 
presented a baffling mystery to fisher¬ 
men and other observers for centur¬ 
ies, IS due to the presence of a large 
number of dinoflagellates. On being 
disturbed, they emit light of brown, 
blue and yellow colour on the surface 
of sea. 

Light produced by these organisms 
can be differentiated into three main 
morphological patterns: 

(1) Extracellular. In this type, the 
light producing reaction takes place 
outside the body of the organism. As 
in Chaetopterus (annelid), the light 
producing organs are in the form of 
glands called photocytes which are 
found in the integument along mucous 
cells. Secretion of these glands is 
passed out in the surrounding water, 
which on interaction produces a 
stream of light, running throughout 
the length of the organism. Almost e 
similar reaction takes place in Diplo- 
cardia, Cypridina and Pholas dacty- 
lus (Fig. 4). In certain cases, e.g. 
Renilla (annelid), light emission i; 
under nervous control. The light ii 
the sea that resembled moving can 
dies and which Columbus saw on hi; 
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first voyage to theNewWorld wasdue 
to the presence of moving luminis- 
cent Odontosyllis (annelid). Light is 
produced as a mating signal. 

(2) Intncellular. Here the light pro¬ 
ducing reaction takes place within the 
cell or organism, e g., in Noctiluca 
(Flg.5, protozoa) light Is produced by the 
secretion of two types of granules 
which are arranged along definite 
strands of cytoplasm radiating from 
oral groove and extea^ding towards 
I pariphery. Interaction of the secre- 
I tion of these granules in presence of 
I air emits light which gives the tiny 
I creature the appearance of a shining 
i fan. The "red tides" of the sea are 
i mainly duo to the glow of these dino- 
j flagellates. The other examples are 
. Qnyaulax, Aranicola, Sergastas, Pho- 
^ turia and Phrixothnx, etc. 

- (3) Spacial tissuas. In this type, the 

light'is actually emitted by the bacte¬ 
ria as, for instance, in Photoblaphron 
1 (Fig. 6, a fish), under each eye there is 
I an oval white spot which is richly 
supplied by blood and harbours 
fuminfscent symbiotic bacteria. These 
i complex structures are called photo- 
f phores and are provided with devices 
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PHOLAS OACTYLUS 

Fig. 4 

for turning on and off the light. The 
light emitted from photophores is 
used as a flash light to find out tract in 
dark deep sea. Othc examples are 
Anomalops (a bony fish from Malaya), 
Hetarotauthis, Lohgo (squids) In 
squids, luminiscence is a protective 
device, a lure to the deep sea angler 
fishes. 

Evolution and blolumlniscence 

It is believed that the earlier forms of 
life on earth deveioped in the 
absence of oxygen. Hence, these 
organisms were referred to as anae¬ 
robes. When oxygen siowly appeared, 
it was toxic to them. Therefore, it was 
necessary to get rid of it quickly. The 
most efficient way to remove oxygen 
chemically is to reduce it to the form 
of water. It has been presumed that 
the most efficient reducing agents 
were those organiccompoundswhich 
were already a part of the hydrogen 
transport system in the primitive 
anaerobes. This process, conversion 
of oxygen into water, is an exothermic 
reaction which produces enough 
energy in a single quantum. This 
energy, on exciting the organic mole¬ 


cule. appeared in the form of light. 
From this hypothesis, it has been 
further concluded that all successful 
oxygen removing organisms would 
have been potentially luminiscent. 
During subsequent evolution, the 
anaerobic organisms evolved in such 
a fashion that they could use oxygen 
to meet their metabolic requirements 
This led to emission of light as a by¬ 
product of their metabolic reactioh 
However, it may be mentioned that in 
most cases bioluminiscence is depen¬ 
dent on a non-essential enzyme 
system. 

Physiology of blolumlniscence 

Light emitted in bioluminiscence is 
always in the visible range (400nm- 
BOOnm) of the light spectrum which 
varies from organism to organism 
This light emission is based on a 
chemical reaction catalysed by an 
enzyme system created by living 
organism. The preliminary informa¬ 
tion is based on experiments of a 
French physioiogist R Duboi (1887) 
on Pholas dactylus, who observed that 
cold water extract of the mollusc 
emitted lightfor several minutes. When 

emission had ceased it could be res¬ 
tored by adding washings of fresh 
clam in hot water after cooling the 
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juice. He named the hot water mate¬ 
rial as luciferin, derived from lucifer, 
meaning light bearer and the sub¬ 
stance of cold water was named 
luciferase. The word luciferase refers 
to a heat sensitive enzyme that cata¬ 
lyses oxidation of the substance, luci¬ 
ferin, with light emission. 

It is important to note that luciferin 
is a generic term which does not 
apply to any specific chemical struc¬ 
ture. Although luciferin structures 
may vary widely, it has been found in 
a number of instances that luciferins 
isolated from diverse animals may be 
identical. Similar observations have 
been m'ade for the luciferases. One of 
the interesting properties of lucife¬ 
rase proteins is their ability to manip¬ 
ulate large amounts of energy and to 
catalyse the creation of an electroni¬ 
cally excited state. In the excited state, 
molecule is not stable, therefore, the 
excited electrons return to the ground 
state and energy is emitted as light. 

Chemistry of bioluminiscence 

The biochemical reactions which 
take place during light emission of 
some organisms are . 

Renilla reniformis (Sea Pansy), a 
marine coelenterate, emits concentric 
waves of green light (509nm). Studies 
on Renilla provide an understanding 
of the bioluminiscent reaction in a 
number of marine organisms. The 
tentative structure of Renilla luciferin 
is I, the groups Rz and Ra are still not 
known. Free luciferin is easily auto- 
oxidised, but living animal stabilises it 
and stores as a sulphonated derivative, 
luciferyl sulphate 2. Since luciferyl sul¬ 
phate does not react with luciferase to 
produce light, the animal has ludferin sul- 
phokinase enzyme which catalyses the 
conversion of luciferin sulp*hate to 
luciferin in the presence of 3', 5'- 
diphosphoadenosine (DPA) 2 as 
shown in Fig.yhi. The other reaction 
product is3'-phosphonoadenylyl sul¬ 
phate (PAPS). 

Once luciferin is formed, the only 
requirement for bioluminiscence in 
vitro is oxygen and luciferase. As 
shown in Fig. 7-2, luciferase 
catalyses oxidation of luciferin to 
produce light, COs and oxyluciferin. 


the latter represents the product in 
excited state. 

Luminiscence of firefly (Photuris) 
is a simple redox reaction involving 
molecular oxygen and a complex 
organic substrate luciferin 4. In addi¬ 
tion to luciferase enzyme, the reac¬ 
tion also requires a continuous 
energy supply substance, adenosine 
triphosphate (ATP). Cold water 
extract of firefly, if allowed to stand 
until the light emission disappears, 
can be restored to more than its origi¬ 
nal intensity by addition of ATP. 
Another interesting feature of this 
cold extract is that it gives yellow- 
green light in neutral medium, but the 
emitted light is red if it is made acidic. 
The overall chemical requirements 
can then be expressed as in Fig 7-3. 
The quantum yield of bioluminis¬ 
cence is approximately one. both with 
respect to oxygen and luciferin 
There exists a wide range from spe¬ 
cies to species in the colour of firefly 
light. This variation has been demon¬ 
strated to be directly related to differ¬ 
ences in the enzyme, not in the sub¬ 
strate. 


In case of Cypridina, luciferin and 
luciferase are stored in separate 
glands cells. One type of cells is filled 
with small colourless granules, while 
the second is filled with larger yellow 
granules. Upon stimulation, the ani¬ 
mal secrets both types of granules 
into the sea water where they mix and 
dissolve, form luciferin and luciferase 
leading to bluish luminiscence. When 
dried, and then moistened, the live 
animal shows luminiscence. The 
only requirements tor light emission 
in Cypridina are luciferin 6, luciferase 
and dissolved oxygen. Bioiuminis- 
cent oxidation of luciferin catalysed 
by luciferase can be illustrated by 
Fig 7-4, 

The source of light in bacteria is a 
side reaction of oxidation and reduc¬ 
tion where energy comes from nutri¬ 
ents. In this process, hydrogen atoms 
(or equivalent electrons) are removed 
from food and passed on in reaction. 
Finally hydrogen is accepted by oxy¬ 
gen to produce water. In this sequence, 
energy is removed from reactions and 
stored in the form of ATP. When redu¬ 
ced flavin mononucleotide (FMN) 8 


1 LUCIFERYL SULPHATE + DPA LUCIFERIN 


SULPHOKINASE LUCIFERIN + PAPS 


2 . LUCIFERIN-I-0, LUCIFERASE OXYUJCIFERJN -FCO, 

-* I ' 


OXYLUCIFERIN + LIGHT 


2 + 

3.LUCIFERIN 4+ATPMg 0 


-•■CC2+OXYLUCIFERIN 5+AMP 


2 + 

+ PPlMg+LIGHT 

4. LUCIFERIN e+Oj LUCIF ERASE^ QXYLUCIFERIN^ + cn -n i^mt 
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[ reacts with luciferase and oxygen 
in presence of long chain alde¬ 
hyde, tight IS emitted. Here flavin 
takes the role of luciferin. The reaction 
1 . products are oxidised FMN and an as 
j yet unidentified aldehyde derivative 
I It was proposed that aldehyde acted 
[ only to change the confirmation of 
I the quantum yield of the reaction. The 
I intensity of luminiscence may be 
1 increased by addition of long cham 
] aldehyde like dodecanat and oxygen 


I ;LETTERS (Continued from page632) 

' obtained when this substance was 
used in combination with Indole 
; Acetic Acid. 

Surendranef al. (1983) working on 
' thormy bamboo Bambusa arundina- 
cea (Retz). Willd reported that 
chemical treatment could induce and 
enhance rooting ability of cufm cut¬ 
tings in this species. Besides, such 
I treatment also helps to widen the 
period for root Induction and propa¬ 
gation. It was further noticed that the 


Emission of light completely ceases 
in absence of oxygen. The overall 
reaction can be represented as in 
Fig. 7-5. 

In case of Latia bioluminiscence, 
besides luciferin. luciferase and O?. a 
so called “purple protein” is an un¬ 
usual requirement Here luciferin 9 
contains a (i -ionone ring like vitamin 
A and a side chain with an enol formate 
linkage. It was suggested that luciferin 
9 first combines with purple protein 


same concentrations of the same 
chemical evoked different response 
during different reasons. This was 
supported by the findings of Nanda 
(1970) workfng with auxins 
According to Surendran ef al. 
(1983) boric acid may be added to the 
^st of non-auxin root promoters. It is 
comparatively a muchcheaperchem- 
ical and more readily available. 
Phenyl boric acid is reported to form 
strong complex with sugars and 


prior to its involvement with luciferase 
in the light producing reaction. The 
overall reaction may be represented 
as in Fig. 7-6. 

In most bioluminiscent reactions 
exactly one light quantum is emitted 
for each molecule of luciferin con¬ 
sumed i.e.. the light production is 
100%The term cold light for biolumi¬ 
niscence is correct. 


greatly influence root growth. 

It would thus appear desirable to 
repeat the rooting trials with boric 
acid along with sugar solution and 
auxins for improved rooting in bam¬ 
boos and forest tree species, like teak. 

R. Synrem 

Oeprt. of Plant Breeding i 
Genetics, Assam Agricultural 
University, Jorahat-765013 (Assam) 
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LIGHTNING 

AND 

ATMOSPHERIC NOISE 

R.BHATTACHARYA A.B.BHATTACHARYA 

% 

Lightning is a problem. It affects power lines, buildings, 
machines and telecommunication systems. It damages air¬ 
craft, kills living beings and causes fires and accidents 


A LIGHTNING flash can be regarded 
as an impulse generator with 
energy components extending over a 
wide renge of frequencies. Within any 
specified band, its nature and inten¬ 
sity at a place therefore depend on the 
power of electromagnetic wave, the 
distance and height of the flash, 
orientation of the flash with respect to 
the direction of propagation and 
propagation characteristics of the 
path tor specified frequency, timeand 
location. 

Physical research on lightning and 
practical application of results obtained 
are connected Lightning discharges 
affect power lines, buildings, machines 
and telecommunication systems 
They can cause damage to aircraft, 
ihey kill and injure living beings and 
cause fires and accidents 
By definition, a complete lightning 
discharge is a flash, while a stroke is a 
partial discharge of low luminous 
intensity. If luminosity persists lor 
more than 40 msec i n the chan nel, it is 
called long-continuing luminosity A 
stroke followed by such luminosity is 
called long-continuing stroke Sim¬ 
ilarly. a stroke followed by continuing 
luminosity o1 less than 40 msec is 
called a short-continuing stroke A 


stroke whose luminosity decays ab¬ 
ruptly IS a discrete stroke. It is conve¬ 
nient to distinguish between the 
visual flash and itscomponent strokes 
General results show that each flash 
contains 1-42 ‘main’ strokes and that 
each mam stroke is preceded by a 
leader' stroke The leader strokes 
proceed downwards from the cloud 
For most of the cases, the leader of 
the first main stroke proceeds in steps 
and shows considerable branching 
When the leader stroke is at a height 
of 5 in-50 m from the ground, a strea¬ 
mer from some point connected to 
the earth goes up to meet it and. then, 
f^e upward main stroke commences. 
This IS much brighter than the leader 
stroke and it follows the same path 
Usually, the leader strokes, except 
the first one, do not show steps but 
follow the same track as the first mam 
stroke Such unstepped leaders are 
known as dart leaders. Since a dart 
leader moves faster than a stepped 
leader, the ionization near the top of 
the leader is fresher for a dart leader 
than for a stepped leader at the time 
when the main stroke starts Hence 
the mam stroke to a dart leader may 
be more rapid than to a stepped 
leader 


Bectromagnetic energy from lightning 

Many kinds of measurements have 
been made and developed to study 
the phenomenon of lightning dis¬ 
charge. Of these, optical, photoelect¬ 
ric, electrostatic and electromagnetic 
methods are in use all over the world. 
The electromagnetic energy radiated 
from lightning profiagates through 
the space between the ionosphere 
and the earth. Some of the energy 
penetrates ionosphere into the exos¬ 
phere which IS guided by the geomag¬ 
netic line of force and is reflected 
back to the source again along the 
same geomagnetic line of force. 
Since the exosphere consists of a 
weak plasma embedded in a mag¬ 
netic field, it IS dispersive Atmos¬ 
pheric pulses, during their movement 
through the exosphere, become whist¬ 
lers from which the existence of prot¬ 
ons and also the density of electrons 
are derived and determined 

Lightning discharges are classified 
into two types—the intra-cloiid dis¬ 
charges (i e , the discharges that occur 
within the cloud) and the cloud-earth 
discharges (discharges stnking the 
ground) The intra-cloud discharge 
also changes the electric field and it is 
somewhat different from the cloud 
earth discharges Due to cloud dischar¬ 
ges, there is a change in the slow electro- 
static field which is positive at near dis¬ 
tance (5 km-IOkm) and negative at far 
distance (10 km-20 km or more). So, 
the study of electric field close to a 
lightning discharge is valuable for 
investigating its mechanism 

The frequency spectra of atmos¬ 
pherics, 1 e , the intensity variation of 
atmospherics with frequency are use¬ 
ful for studying wave propagation, 
propagation of atmospherics and the 
mechanism of lightning discharge. 
However, it is very difficult to obtain 
frequency spectra at various distan¬ 
ces from the source, at various stages 
of lightning discharges at various 
geographical featuies and under var¬ 
ious meteorological and seasonal 
conditions For these reasons, even 
now knowledge of frequency spectra 
IS meagre A Kimpara of Japan nor¬ 
malized all the data at a distance of 10 
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km tor a receiver bandwidth of 1 kHz 
and found the frequency spectrum as 
shown in Fig. 1 . Since the methods of 
measurement and the characteristics 
of the apparatus were different, the 
curve in Fig 1 is not completely relia¬ 
ble It only shows a general tendency. 

It IS evident now that the charactei - 
istics of atmospherics which define 
their frequency spectra depend on 
the configuration and development of 
thunderclouds. They exhibit varia¬ 
tions according to the seasonal and 
meteorological conditions and geo¬ 
graphical featuies. 

In cloud -ground discharges, hybrid 
flashes are commonly observed. In 
multiple flashes which constitute 86 % 
of all C-G discharges, the discrete 
and hybrid flashes occur in the pro¬ 
portion 50.50 (approx.) Generally, 
the long continuing stroke does not 
occur either as a single stroke or as 
the initial stroke of a multiple flash. A 
comparative result of luminous events 
of a discrete and a hybrid flash 
recorded by N. Kitagawa of Japan by a 
moving film camera and of the elect¬ 
ric field ancTthe electric field change 
records is presented in Fig. 2. The 
actual variation of the electric field is 
represented by the electric field 
record, while the electric field change 
record shows the rapid components 


Piscr e te Flash 
Photographic record 

‘■-i I ^ n n I 

R, Rj R, R 4 R 5 Rfcjz_5 a 

Electric _— 1 _ 

field record_ V/cm 




Electric field change record 


0 50 ibo 

TIME, m sec 


Hybrid Flash 

Photographic record 



0 50 100 

- TIME, m sec ——i— 

Flg.2. Typical samples df limullanaous photoflrapMc, alactric-ftolcl and alsctrle-flald- 
charga records dua to cloud-io-ground discharges (Kltogawa, 1065) 
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through the use of an antanngyvith a 
high amplification and a short time 
constant. 

Eleetfloal charactertelldB in «l«iide 

For a close study, a classffleatlon of 
the various types of cloud is raquired. 
The system adopted internationally is 
based upon the general shape, struc¬ 
ture and vertical extent of the cloud, 
and its altitude. Thecloudsarimainly 
classified into ten basic groups or 
genera, the characteristics of Which 
are shown in Fig. 3. 

It IS belieyed that the chirfsa are 
arranged in such a way that ofla type 
of charges is concentrated on one 
side and the second type on the other 
side in a cloud. Such a okn4l iaeatled 
bipolar; it is taken to be of positive 
polarity if it has positive chargf at the 
top, and of negative polarity In the 
reverse case. A complete dtagiam of 
potentials, slopes of which give 
potential gradient and the curvature 
gives the space charge, con pMSfide a 
consistent account of thi ■artrirni 
states of the cloud end of thg regions 
above and below it. To drawauch a 
diagram In detail, it is nacaasi r y to 
solve a complex system of dfffarential 
equations. The solution con give the 
variation of precipitation charge with 
height, convected Charge, nm atjer of 
small ions of each sign and pa ian t tal. 
Generally, qualitative results Ife used 
for meaningful conclusions. TNuihe- 
nomenon of charge separetion within 
a cloud depends upon the various 
physical processes ocoufrfrti within 


the cloud. An important factor in the 
processes involved is temperature. 
The temperature 41°C appears to be 
the fundamental temperature in cloud 
physics and is the iowest temperature 
at which water droplets remain sus¬ 
pended and below which they freeze 
spontaneously. Electrical pheno¬ 
mena are observed in both cumulo¬ 
nimbus (thundercloud) and nimbis- 
tratus (shower) clouds, but the inten¬ 
sity is much less in the latter than in 
the former 

Recent trend in studies relating to 
atmospheric electricity is mainly to 
determine meteorological factors 
which control its variations. The sur¬ 
face potential gradient at land sta¬ 
tions within theaustausch (borrowed) 
from German; meaning exchange) 
layer is dependent on the resistance 
of the lowest layer of the atmosphere. 
The height of the top of the aus tausch 
layer depends upon meteorological 
conditions, particularly upon varia¬ 
tion of temperature with height and 
may have any value upto about 3 km. 
So characteristics of airmass such as 
its tiny dust particles, pollution con¬ 
tent, stability and moisture content 
influence variations of potential gra¬ 
dient during fair and disturbed 
weathers. 

During the passage of a thunder¬ 
cloud near an observation site, 
W-type variation of the potential gra¬ 
dient is observed most frequently. 
This leads to electric charge distribu¬ 
tion in a thundercloud of positive 
polarity with a small pocket of posi¬ 
tive charge in the lower centre of the 
main negative charge. 


In India, measurements of atmos¬ 
pheric potential gradient have been 
made at Pune since 1930. The nature 
of variations of electric field strength 
was studied there at the ground level 
during the International Quiet Sun 
Year (IQSY, 1964 ) These observa¬ 
tions were compared with those made 
during the International Geophysical 
Year (IGY,1954) and earlier during 
1930-1938, as well as with the results 
obtained at Bombay during IQSY and 
IGY 

Sources of atmospheric noise 

It is by now well-known that there 
are different types of lightning flashes. 
There are lightning flashes called 
ground flashes in which electrical dis¬ 
charges strike the ground, those in 
which discharges occur within the 
cloud are called intra-cloud flashes, 
or briefly cloud flashes, and those 
occurring between the cloud and the 
air In all types of flashes there are 
electrical discharges within the cloud. 
These discharges within the cloud are 
responsible for radiations giving rise 
to a noise burst at any frequency. In 
tropical countries, ordinarily, the cloud 
base is at a height of about 3 km above 
the mearr sea level. Radiations due to 
discharges within the cloud can be 
received upto a distance of about 300 
km by the direct ray. So all sources 
present within a distance of about 300 
km from the point of observation are 
called local sources The days of a 
year on which such local sources are 
found to be present are called days of 
local activity. Experimental observa¬ 
tions have revealed that the number 
of days of local activity is roughly 
three times the number of thunder¬ 
storm days, suggesting that the local 
sources are responsible for the high¬ 
est amplitude noise bursts. Sources 
present between 300 km to 1000 km 
are called nearer sources. Radiations 
from such sources in the Medium Fre¬ 
quency (MF) and High Frequency 
(HF) bands are probably directed via 
the ionosphere. As a result, reception 
of these radiations depends on propa¬ 
gation conditions via the ionosphere 
and hence such receptions may not 
be possible at certain hours of a day 
and at some definite frequencies. 
Sources beyond 1000 km are called 
distant sources where a large number 
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of solirces are at play at any instant. 
When propagation conditions at any 
given frequency are favourable, the 
signal from such sources can appear 
as noise in the receiver. Hence, a very 
large number of noise bursts of vary¬ 
ing amplitudes should be received 
from different sources. It therefore 
follows that noise originating in such 
sources would correspond practi¬ 
cally to continuous noise. 

The noise due to local sources is 
always in the form of distinct and 
well-separated noise bursts. The 
noise due to nearer sources is mostly 
in the form of distinct noise bursts 
When a large number of nearer sour¬ 
ces are active at a time, the number of 
noise bursts received per minute is 
very large. This usually gives rise to 
noise almost of the continuous form. 
Noise may be considered as a com¬ 
plex phenomenon. Fluctuation noise 
arises from several known factors 
either in theequipmentor in the chan¬ 
nel. For the treatment of this noisu 
mathematical models are already 
available. The other form of noise, 
known as impulsive noise, appears 


intermittently at random intervals and 
for random durations. 

NoIm measurements In indie 

The geographical location of the 
land mass of India makes it one of the 
most suitable countries for studies of 
atmospheric noise in terms of lightn¬ 
ing flashes. The experimental work 
done over the last two decades at dif¬ 
ferent parts of India is of relevance to 
three major areas They are charac¬ 
teristics of the random processes, 
characteristics of tropical thunder¬ 
storms and characteristics of atmos¬ 
pheric radio noise. A brief summary 
of the results obtained for each of 
these areas by different authors is 
given below. 

(i) Duration of noise bursts, ampli¬ 
tude of a noise burst, number of noise 
bursts and time interval between suc¬ 
cessive noise bursts at a certain fre¬ 
quency follow the log normal distri¬ 
bution, I e.. when plotted in terms of 
the logarithms of their X values. A 
Poisson distribution is obtained for at 
least some of the random events and 


so conclusions drawn have been 
carefully rechecked. It is found that 
log-normal law is an approximate 
representation and not an accurate 
one. The accuracy realized is of the 
order of 90% which is, of course, ade¬ 
quate for most engineering evaluations. 

(ii) A lightning discharge is conti¬ 
nuous throughout theactivity of thun¬ 
derclouds though the flashes are of 
different types. Cloud flashes account 
for the largest number. Most of them 
cannot be seen visually. Whenever a 
thunder is heard there are about 10% 
ground strokes, much less than the 
percentage found in temperate 
regions. The median value of the peak 
rate of flashing during the activity of a 
thundercloud is 8/min and the dura¬ 
tion of a flash is about 500 msec. The 
maximum activity of land storms is 
found to occur in afternoon hours, 
while It happens in premidnight 
period over oceans. The lifetime of a 
convection cell has a median value of 
about 30 min. similar to that reported 
from experiments in temperate 
zone The median duration of the life 
of an active thundercloud is about 
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3 hr, very much higher than the values 
reported from temperate regions. 

(iii) The noise data required fordif- 
ferent communication services have 
been furnished for the whole land 
mass of India through a set of three 
data Sheets and a map of India show¬ 
ing cu/s local activity in different 
regions in the four different seasons. 
Atmospheric noise in India consists 
of noise bursts arising from the local 
or nearer sources. The other interfer¬ 
ences due to distant sources contrib¬ 
ute to a background which has been 
evaluated and included in the article. 
Very High Frequency(VHF) noise 
radiation due to lightning flashes can 
travel to distances of the order of 500 
km via the sporadic E-layer or by 
troposcatter. 

Conclusion 

Studies on atmospheric noise were 
initiated by the pressing need for 
long-range navigation system, long 
distance communication and world¬ 
wide frequency standards. Prompted 
by these needs extensive theoretical 
and experimental studies of radio 
propagation are, in fact, being made 
in recent years, by employing electro¬ 
magnetic energy radiated by a con¬ 
tinuous wave transmitter. While theo¬ 
retical studies a.e quite comprehen¬ 
sive, experimental studies are handi¬ 
capped by the rather limited power of 
such transmitters, particularly when 
propagation over long distances is 
taken into consideration. On the 
other hand, studies based on har¬ 
nessing of results ot atmospheric 
characteristics offer a distinctive 
advantage over thecontinuous method 
for the foilowing reasons: (i) the 
power radiated by a source of light¬ 
ning is enormous, being of the order 
of 1000 kW. (ii) the spectrum of the 


source ladiations extends over a wide 
range of frequencies and facilitates 
spectral studies of radio propagation, 
and (iii) the propagation over long 
distances is relatively easily detectable. 

Experimental investigations by 
applying continuous wave transmis¬ 
sion are particularly impossible at 
Extremely Low Frequency (ELF) 
band. Further, as the sources of acti¬ 
vity are distributed overa wide region, 
interference effects between the 
ground wave and the ionosphericaily 
reflected wave are not likely to be 
present in the integrated field inten¬ 
sity of atmospherics. So the varia¬ 
tions there represent those of the 
ionosphericaily reflected wave alone. 

Geneial features of the world distri¬ 
bution of integrated noise powerhave 
been determined during the iGY by a 
network of sixteen stations distri¬ 
buted throughout the world. How¬ 
ever, such studies were confined to 
the measurement of the average 
noise power within a 4 hr time\>lock. 
Asa result, the detailed features of the 
integrated noise occurring within the 
time block can be smoothed out. 
Further studies are needed in the 
world distribution of noise employ¬ 
ing, preferably, time blocks of shorfer 
durations such as a 1 hr. block in 
order to explore tiue nature and the 
origin of the latitude and longitude 
dependence of the integrated noise. 

Some special characteristics can 
also be investigated from the atmos¬ 
pheric noise. For example, records of 
Very Low Frequency (VLF) atmos¬ 
pherics over Calcutta during torren¬ 
tial rainfall due to violent monsoon 
depression in 1978 by A.K. Sen, S.K 
Sarkar and A.B. Bhattacharya of Cal¬ 
cutta show distinct long period fad¬ 
ings both at day and night. The 
depression concerned has got an 
early history of development starting 


outside West Bengal on 21 Sep- 
tem ber 1978. The origi n of the depres¬ 
sion was in the Bay of Bengal and 
came through Orissa, Madhya Pra¬ 
desh and Bihar, as shown by the 
schematic diagram (Fig.4), to West 
Bengal (Asansol) on 27 September in 
the form of a cyclone in association 
with heavy and widespread rain. One 
would expect at a long period fading 
similar to that of ours if the observing 
stations are located in the vicinity of 
the track. A simultaneous multista¬ 
tion study at such times would be 
informative. 

Recently, attempts have been made 
in some countries to study thunder¬ 
storm activity with the aid of lightning 
discharge counters which count the 
number of flashes per second. From a 
careful measurement of the r''-'c*--:c 
field, the charge and size of droplets 
in cloud through all stages of the 
cloud life cycle, one can learn much 
about the transfer of electronic 
charge from smaller droplets to larger 
drops. This would tell us particles of 
which size constitute the fundamen¬ 
tal charge carriers in the cloud, how 
charge is generated and how charge 
of a magnitude sufficient to produce 
lightning flash is accumulated in 
cloud. Many questions which are still 
unanswered await improvement of 
the existing instruments and tech¬ 
niques for satisfactory solution. 
Further reading 

1 Kimpara, A., Problems of atmos¬ 
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edited by S. C. Coroniti, Elsevier 
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1982. 
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GLIMPSES OF ANCIENT 
HINDU SCIENCE 


INOU#HUSHAN SHARMA 


For the ancient Hindus science was not only pursuit of 
idealism or the seeking of truth in the laboratory, but 
constituted an essential and inseparable part of their daily 
life 


T he foundation of Hindu philoso¬ 
phy has been the discovery of truth. 
On the basis of their experimental 
knowledge, the ancient Hindu philo¬ 
sophers propounded theories which 
are in remarkable agreement with 
modern science. There seems to be 
no area of study which has not been 
explored by them. Whereas subjects 
like philosophy, religion, politics, 
economics, and languages received 
attention to t'-'' extent of influencing 
world civilization, chemistry, medi¬ 
cine, physics, astronomy and mathe¬ 
matics were not neglected in any 
manner whatsoever. The ruins at, 
Mohenjo Daro and Harappa reveal 
that, as early as 3000 BC, the ancient* 
Hindus lived a very organised life 
They planned cities, built brick-houses 
and used metals like gold, silver and 
copper For the ancient Hindus 
science was not only, pursuit of ideal¬ 
ism or the seeking of truth in the 
laboratory, but constituted an essen¬ 
tia' and inseparable part of their daily 
life. The scientific pursuits were chan- 
nellised for welfare of the society 
Purification of metals, diagnosis of 
diseases and preparation of medi¬ 
cines, dyeing and textile industry, fix¬ 
ation of calendar of days, weeks, 
months and years were the outcome 
of their highly sophisticated scientific 
work. Origin of matter, creation and 
development of universe, and other 
scientific questions have been raised 
and discussed in Hindu literature. 


Religion and science developed 
simultaneously and both had recipro¬ 
cal bearing on each other. A conver¬ 
sation between Devarshi Narada, the 
seer supposed to be a messenger 
between the gods and men, and San- 
at Kumar, a sage of supreme knowl¬ 
edge, in Chandogya-L/pan/shad testi¬ 
fies to it. When Sanat Kumar asked 
Narada to state what sciences and 
arts he had studied, Narada's reply 
included astronomy (nakshatra-vidya) 
and arithmetic (rasi-vidya). Kannada, 
the founder of Vaisheshaka theory, 
recognising the supermacy of matter 
has niceiy developed its correlation 
with life and immortality Discovery of 
mercury and sulphur and their utility 
in medicine was linked to religion by 
Ayurvedic philosophers 

Medicine and chemistry 

The Indian system of medicine— 
Ayurveda—has its origin in the Vedas 
Ayurveda is considered as an appen¬ 
dix to Vne Atharva-Veda. Hindu philo¬ 
sophers understood anatomy and 
physiology as early as 800 BC. Even 
today's physicians and surgeons can 
learn from their descriptions. Ayur¬ 
veda diagnoses illnesses as disorders 
in humours like air, water and blood. 
Atharva-Veda and Rig-Veda give 
diagnosis of numerous such dis¬ 
orders and their treatment, in Atharva- 
Veda there are descriptions of 78 
plants and their medicinal uses, 
which also find mention in Charak 


and SuahruXSamhitas. Charak, Sush- 
rut, Dhanvantri, Baghbhat, Nagarjun, 
Govfndacharya, Yashodhar, Pran Nath 
and Ktyaath Chamund are some of 
thegfMt names in the Indian systems 
of madieine who excelled in the field. 
Millions of people the world over are 
still reaping the benefit from their dis¬ 
coveries and findings. Charak in his 
Samhita has drawn up a list of diag¬ 
noses dt a number of diseases and 
given their treatment. He classified 
over 800 plants and numerous miner¬ 
als tike blue pyrites, calamine, quartz 
crystal end has described their prop- 
erbea. .He suggested antidotes for 
poisof^ and treatment for snake- 
bitesend stressed the use of colloidal 
form Of medicines as they were more 
effective. Still earlier (circa 1000 BC) 
the Brehman-literature gives account 
of highly sophisticated surgical and 
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Fig. 2. Suthrul’t technique ol ear-plaety and llp-plaaly 


medical treatment by the Ashwani 
Kumars. 

Numerous alcoholic products were 
known in the days of Charak, and 
acids and bases were prepared and 
used as medicines. A mixture of nitric 
acid and hydrochloric acid, probably 
aqua regia, was also known in those 
days. Sushrut has mentioned the use 
of medicines to produce insensibility 
to pains. Sushrut Samhita describes 
more than a hundred surgical instru¬ 
ments (Fig. 1) and discusses surgi¬ 
cal operations, in his time plastic 
surgery was also in use and he has 
written of grafting upon a torn ear 
portions of skin from other parts of 
body (Fig. 2). In surgery. Sushrut has 
stressed the need of sterilisation of^ 
surgical instruments before use. Be-' 
sides surgery, he has given diagnoses 
of more than athousanddiseasesand 
prescribed their medical treatment. 
Pulse reading and urine analysis were 
also recommended for the diagnosis 
of diseases. Sushrut classified plants 
into 37 families and poisons into two 
groups namely Sthavar and Jangam. 
The former are those obtained from 
minerals while the latter from living 
organisms. Hindu physicians had the 
knowledge of vaccination even before 


Sushrut. Baghbhat (600 AD) and 
Yashodnar (1300 AD) have given 
accounts of calomel (mercurous 
chloride) and its use for syphilis. 

The processes of fermentation, dis¬ 
tillation, calcination and sublimation 
were well-known in the days of 
Charak, Baghbhat and Chanakya. 
Chanakya in his Arthshastra has 
given a detailed description of alco¬ 
holic preparations and their uses. In 
his days alcohol was prepared and 
distributed by the State. Charak, 
Sushrut, Baghbhat. Chamund and 
Pran Nath have given in detail 
methods of purification, properties 
and uses of sulphur and mercury in 
different fields of medicine. Bagh¬ 
bhat, Yashodhar and Kayasth Cha¬ 
mund have described five different 
types of sulphides of mercury with 
varying effects over a range of dis¬ 
eases including leprosy. 

The iron pillar at Qutab (Delhi) 
standing rustless for centuries gives 
an indication of ancient Hindu chem¬ 
ist's knowledge of metallurgy. Three 
centuries before Christ, King Porus is 
said to have chosen30 pounds (15 kg) 
of steel, instead of gold or silver, for 
presentation to Alexander. Descrip¬ 
tion of metallic ores, their purification 


and conversion into metals and 
metallic salts can be found in the 
Vedas, Puranas, Upnishadas and 
many other Hindu texts. Rasarnav 
gives a detailed description of the 
flame tests for metals; an important 
method used in today's laboratories. 

Atomic theory of matter 

Charak propounded the theory that 
a body is made of innumerable atoms 
which are very small in size. Kannada, 
the founder of Valshesh^ka theory, 
said that matter was ci^posed of 
atoms which were spherical, very 
small in size and invisibletothenaked 
eye: by the combination of these 
atoms, dust particles visible in the 
sun-beams were formed. According 
to Udhayanacharya, the existence of 
the universe lies in the motion and 
interaction of these atoms. 

Gautam in h'is NyayadarshanhfAd 
that although the atoms were very 
small in size, they were further divisi¬ 
ble. Jain philosophers taught that all 
atoms are of the same kind but pro¬ 
duce different effects by diverse 
modes of combination. Kannada held 
that light and heat were varieties of 
the same substance while Vachaspatl 
interpreted light as composed of tiny 
particles, emitted by objects, striking 
the eyes. 

Astronomy and algebra 


Astronomy in India probably deve¬ 
loped with the sole aim of observation 
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of movements of heavenly bodies for 
fixing dates of rel'gious festivals. In 
order to make calculations in astro¬ 
nomy various systems of mathemat¬ 
ics and geometry were developed. 
The Hindu calendar is of twelve 
months, each month of thirty days, 
inserting an intorcaiery month after 
every five years. The days of the week 
were also fixed 

Surya Sidhant describes the earth 
as spherical which looks flat because 
human sight can go only upto a 
limited distance However, it con¬ 
tended that the sun also revolves 
Aryabhat held that the sphere of stars 
IS stationary while earth revolves and 
is spherical in shape. He could also 
explain theeclipses The Hindu philo¬ 
sophers also knew with great accu¬ 
racy the diameter of the moon 

The Vedanga JyoUsha (1200 BC) 
says that mathematics has a place in 
science equivalent to the one which 
crests have on the heads of peacocks 
or gems on the hoods of snakes, giv¬ 
ing it the highest place 5f honour 
amongst the sciences. Indian mathe¬ 
maticians gave the most valued sys¬ 
tems to the world, viz., the numerals 
and decimal system. Moreover, it was 
they who discovered the use ot zero 

In Yajurveda Samhita systematic 
lists of numeral denomination from 
one to ten billion are given These 
denominations are in multiples of 10 
A similar reference is available in 
Laliteshavra, a Buddhist work of 1st 
century BC where a dialogue between 
(he mathematician Arjuna and Prince 
Gautam (Bodhisattva) is given. On 
being asked by Arjuna how thecount- 
ing proceeded beyond the Koti 
(100,00,000), Bodhisattva replied that 


a hundred Katies made“an Ayuta, a 
hundred Ayutas made a Niyuta, a 
hundred Niyutas a Kankara, ahd so 
on. Kaccayana’s Pali grammar gives a 
^eries ot number names increasing by 
multiples of 10 million. 

Numerical symbollsatlon 

In the Atharva-Veda there is men 
tion of “written amount" which sug¬ 
gests that writing was prevalent in 
vedic times. In Mohenjo Daro inscrip¬ 
tions we find certian numbers written 
in vertical strokes probably symbolis¬ 
ing numerals from one to thirteen 
(Fig.5 ). A similar type of arrange¬ 
ment is folind in Kharosthi hpi known 
in India from first century BC to third 
century AD. But this script seems to 
have come to India from outside as it 
is written form right to left. More deve¬ 
loped forms of the numerals are 
found in the various inscriptions 
found in India The Brahmi numerals, 
which we find on the rock edicts of 
Ashok (third century BC) and other 
inscriptions distributed all over India, 
seem to be a purely Indian invention 
The decimal system was known to 
Aryabhat and Brahmgupfa long before 
It became known to Arabs and the 
west. 

In the Hindu literature the words 
used for zero are bindo and shudya. 
As early as 200 BC. in his Chandah- 
sutra Pingala used the zero symbol in 
metrics In Bakhshali manuscript we 
find use of zero as dots m various cal¬ 
culations The Hindu mathematicians 
defined zero in their arithmetic as the 
result of operation A-A = 0. This is 
found in Brahamgupta's work and all 
later works. It is directly used m addi¬ 
tion. subtraction and multiplication. 


In Brahamgupta’s work zero has also 
been used in algebra. 

The methods of addition, subtrac¬ 
tion and multiplication were known to 
the ancient Hindus. The numbers of 
139 and 27’ were expressed as 
40-r100-1 and 3^9 respectively. In 
geometry they knew how to find the 
area of a triangle, a trapezium and a 
circle and calculated the value of IT at 
3 1416. They also drew up the tables 
of sines In the Hindu algebra, origin 
of which goes back to the age of 
Sulba (800 BC-500BC) and Brah¬ 
mans (1000 BC), numerous types of 
equations, both simple and complex, 
have been formulated and solved. 
Aryabhat.Brahamgupta and Bhaskara 
propounded the rules for finding per¬ 
mutations and combinations. 

Conclusion 

The foregoing is a brief review of 
how different channels of science 
developed and flourished m Indiaand 
placed this country at the top of world 
civilizations The history of Gupta 
period is a glittering example of the 
rise of Hindu science With the turn in 
time, the external aggressions and 
internal quarrels diverted the attention 
of the Hindus from these problems to 
the question of survival Hindu science 
disappeared fiom life to remain only 
in the pages of history. 

Further reading 

1, Durant, W , Our Oriental Heritage, 
Simon and Schuter, New York 
(1954) 

2. Roy, P , History of Chemistry in 
Ancient & Medieval India, The 
Chemical Society, Calcutta (1956). 
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MASS OF THE NEUTRINO 


The question of neutrino mass has important 
implications not only for particle physics theories but also 
for astrophysics and cosmology 


PROBIR ROY 
ORUGANTI SHANKER 


R ecent evidence that the neutn no 
may have a nonzero mass has led 
to some excitement m particle phys¬ 
ics. In this article we explain why a 
nonzero mass excites such interest, 
and also discuss some recent theoret¬ 
ical work stemming from the experi¬ 
mental results 

The existence of a new particle, the 
neutrino, was postulated in the early 
thirties to explain a puzzle in radioac¬ 
tive B-d<?cay. In these decays an elec¬ 
tron or positron is emitted, and the 
nucleus changes its atomic number 
to maintain electric charge conserva¬ 
tion Originally, the final state of the 
decay process was thought to consist 
of two pa'rlicles. the emitted p - 
particle and the final nucleus The 
conservation of energy and momen¬ 
tum then implies that the p-particle 
must be monoenergetic. Its energy 
equals the difference m energy 
between the initial and final nude* 
However, experimentally it wasfound 
that the B-particles were emitted with 
a continuous range of energies' Thus, 
the laws of conservation of energy 
and momentum seemed to be vio¬ 
lated. and some physicists including 
Niels Bohr oven claimed that such 
was the case It was left to Wolfgang 
Pauli to hit upon the correct explana¬ 
tion, without giving up the fundamen¬ 
tal conservation laws 
In a l^tterdated 4 December 1930to 
participants in a conference on 
radioactivity, Pauli mentioned that if a 
very light, neutral, weakly interacting 
particle existed and was emitted 
along with the B-particle, then one 
could explain the continuous energy 
spectrum Later, Enrico Fermi sug¬ 
gested the name ‘neutrino’ for Pauli's 
particle in order to distinguish it from 
the neutron The neutrino and itscor- 


responding antiparticle, called the 
antineutrino, are usually denoted by 
the symbols v and .v respectively. 
Thus all nuclear B-decay reactions 
can be designated as 

(A, Z !-1>-^(A, Zl ' el V ..(la) 
^A, Z 1)—>.(Ai Z)-l-e f-v ...(1b) 

with {A. Z) being a nucleus of mass 
number A and atomic number Z. The 
postulated particle was actually ob¬ 
served in 1956 through the inverse 
reaction v (A, Z) -> (A, Z-—1) < e"^ by 
Cowan and Roines whoplaced detec¬ 
tors near a nuclear reactor (which is 
one of the most intense sources of 
this elusive weakly interacting particle 

While it was recognised right from 
the beginning that the mass of the 
neutrino must be very small, the phys¬ 
ics community including famous 
physicists was divided into two 
camps. One camp (including Weyl, 
Landau, Feynman, ) felt that the 
neutrino must be massless while the 
other camp (including Majorana, 
Gell-Mann, Marshak. ) believed that 
a small nonzero mass for the neutrino 
was likely. Pauli himself maintained 
an ambivalent attitude to the ques¬ 
tion. It is worth noting that, unlike the 
photon whose being massless is 
required by electromagnetic gauge 
invariance, the masslessness of the 
neutrino is not demanded by such a 
fundamental principle. 

The experimental determination of 
the neutrino mass involves the mea¬ 
surement of the shape of the p- 
spectrum which is sensitive to the 
neutrino mass near the end-point 
Fig. 1 shows the square root of the 
electron spectrum N(Ee) (divided by 
the electron energy E.) plotted versus 
Eb. The reason for plotting this func¬ 
tion of N(Eb), rather than N(E.) itself, 


is that one gets a straight line (called 
the Kune plot) when the mass of the 
neutrino mJszero. For small values 
of mvthe straight line shape is modi¬ 
fied near the end-point and it curves 
inward as shown in the figure. The 
measurement of this amount of cur¬ 
vature can be used to determine the 
neutrino mass. To get good results 
one needs to measure the electron 
energy very accurately. 

Lubimov's group at the Institute of 
Theoretical and Experimental Phys¬ 
ics in Moscow, USSR, have done this 
experiment using the tritium p-decay 
iH^-> 2 He^+e+v They got the result Mv 
^20eV They measured the p-spec¬ 
trum from the decay of tritium bound 
in a valine molecule. To extract the 
neutrino mass from the shape of the 
spectrum, one therefore has to use 
some molecular physics calculations. 
Since the question of the neutrino 
mass is so important, experimental 
groups in Los Alamos and Livermore 
in America are performing experi¬ 
ments with an atomic tritium beam 
and in frozen atomic tritium respec¬ 
tively. to make the result less depen* 
dent on theoretical inputs. 

A glance at Table 1 (which shows 
all the presently known fundamental 
particles and their masses) indicates 



Ftg.1. Shape of electron energy apectruni 
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Family one 


Family two , 


Family three 

Leptons 

Q=0 

Q=-1 

Particle 

Vf 

e 

Mass 

20 eV - 55 eV 

0.5 MeV 

Particle 

V 

P 

Mass 
CO.5 MeV 

106 MeV 

Particle 

V 

r 

Mass 
143 MeV 

1800 MeV 

Quarks 

0=2/3 

u 

5 MeV 

c* 

2000 MeV 

t 

(30-50)«1000 MeV 


Q=-1/3 

d 

9 MeV 

s 

140 MeV 

b 

5000 MeV 


why this result is interesting. One 
sees that the neutrinos, if massive, 
have to be much lighter than the 
charged particles (at least a million 
times lighter). This is a rather striking 
fact, and seems to indicate something 
about the structure of the physical 
theory. In the weak interaction theory 
of Glashow. Weinberg anb Salam 
(which fetched them Nobel Prize in 
1979) this fact was explained as 
de(piled below. All relativistic charged 
spin half particle wave functions 
come with four components each 
(i.e., particle with spin up, particle 
with spin down, anti particle with spin 
up and antiparticle with spin down). 
For a relativistic particle to have a 
mass according to the theory of 
Dirac, all these four components are 
needed. The GWS theory assumes 
that two of these four components are 
absent from the neutrino (i.e, it 
assumes that a neutrino always has 
Its spin aligned opposite to its direc¬ 
tion of motion, and the component 
with spin aligned in the direction of 
motion is absent, and vice versa for 
the anti neutrino). Then the neutrino 
cannot get a mass. 

, While the GWS theory can thus 
, explain an exactly massless neutrino, 

’ a small nonzero mass necessarily 
implies the need for some modifica¬ 
tion or extension of this standarc 
explanation. Hence the experimental 
result of Lubimov's group, if true, 
shows that one has not understood 
everything in this problem, and is a 
pointer towards new directions that 
need to be explored. Even before 
Lubimov’s work, people had been 
investigating possible extensions of 
'the GWS theory. In these extensions 
the neutrino can pick up a nonzero 


mass. The smallness of the neutrino 
mass is related to the heavy mass 
scale characterizing new physics. 
Before describing these ideas one 
mustexplain theconceptof Majorana 
and Dirac particles, A Majorana parti¬ 
cle is a fermion (spin half particle) 
which is its own antiparticle (analo¬ 
gous to the neutral Bose particleTT*). 
It comes in two states (components), 
i.e., spin pointing along the direction 
of motion, and spin pointing opposite 
to the direction of motion. Since parti¬ 
cles and antiparticles have opposite 
electric charges, a Majorana particle 
necessarily carries zero charge (the 
only number which is equal to its neg¬ 
ative is zero!). A Dirac particle is a 
fermion in which the particle and anti- 
particle statesaredistinct Because of 
this, a Dirac particle has double the 
number of states that a Majorana par¬ 
ticle has. 

When one has several Majorana 
particles, say n of them, one has to 
diagonalise an n><n matrix (mass- 
matrix) to find the physical masses of 
the particles. The form of this matrix 
depends on the details of the theory 
The origin of this matrix lies in Quan¬ 
tum Field Theory and its description 
IS beyond the scope of this article. We 
will just take the matrix as given, for 
each of the extensions of the GWS 
theory that we will consider. When 
one has a Dirac particle, one can form 
two orthogonal self-conjugate com¬ 
binations of the particle and anti parti¬ 
cle states. Thus, one can view a Dirac 
particle as beiffg made up of two 
degenerate (meaning: equal in mass) 
Majorana particles 

Now let us look at the neutrino 
mass-matrices that arise in exten¬ 
sions of the standard explanation and 


see how these mass-matrices natu¬ 
rally relate the smallness of the neu¬ 
trino mass to the heavy scales that 
characterize new physics In these 
extensions one often puts back the 
two neutrino states, mentioned ear¬ 
lier, that were excluded in the GWS 
theory. Since it was the exclusion of 
these states that led to the neutrino 
being massless in the latter, Ihe neu¬ 
trino now picks up a Dirac mass m of 
the order of the charged fermion 
masses (by analogy with charged 
particles) Since a Dirac particle can 
be considered to be a combination of 
two Majorana particles with equal 
masses, it can be described bv a 2x2 
matrix whose form is 



The eigenvalues of this matrix are m 
and -m. The negative sign need not 
concern usTn this article, wejustnote 
that the physical masses are given by 
the absolute values of the eigen¬ 
values. Now, in the extensions of the 
standard model (for example. Grand 
Unified Theories) there is a new 
heavy mass scale M which is used to 
suppress the neutrino mass to the 
observed level. The mass matrix now 
becomes 

r ° "1 

L m M J 

descriDing two nondegenerate Majo¬ 
rana particles with masses M and 
mVM (for M<m). Thus the Dirac 
particle is replaced by two nondegen¬ 
erate Majorana particles The heavy 
Majorana particle with mass M cor¬ 
responds to the two neutrino states 
absent from the GWS theory. The 
usual, observed neutrino has the 
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mass mVM and corresponds to the 
states present in the standard expla¬ 
nation. Thus, the smallness of itn 
compared to charged fermion masses 
is because of the small factor m/M. 
We note that the extensions of the 
standard explanation which use this 
suppression trick (i.e., most of the 
extensions existing in the literatdre) 
predict that neutrinos are Majorana 
particles. 

What does experiment tell us about 
the Majorana or Dirac nature of the 
neutrino? The Russian experiment 
gives us the mass of the neutrino, but 
does not tell us whether it is a Majo¬ 
rana or a Dirac particle. Information 
on this question comes from experi¬ 
ments searching for the neutrinoless 
double-beta-decays (A, Z) Z+2) 

+ e +e" or (A, Zj-^fA, Z—2)+e*+e'*^ 
These processes can occur only if the 
neutrino is a Majorana particle. To 
understand the reason one can con¬ 
ceive the process as occurring in two 
steps. Let us consider the first reac¬ 
tion. We may imagine it as occurring 
in twojsteps through a virtualantineu- 
trino 

(A, Z)->^A, Z-i-1)-|-©-|-v, 

Z + f>-».(A, Z-}-2) + 0 
The first step is just the usual p decay 
of Eq. lb. The second step would be 
the inverse P decay reaction to Eq. lb, 
if one had written vMnstead of v if one 
is dealing wtth Dirac neutrinos, then v 
and V are distinct, the second step 
does not occur, and the no-neutrino 
double-p-decay is prohibitetf. If the 
neutrinos are Majorana particles, 
then the second reaction is allowed 
since there isnodistinction between v 
and V Thus, in this case one can have 
the no-neutrino p p decay process; its 
rate turns out to be proportional to the 
square of the neutrino mass. If one 
takes the neutrino mass value from 
Lubirpov’s g roup one can u se nuclear 
physics to calculate the expected 
rate. Experiments looking for this 
process do not find it, though they are 
sensitive to the expected rate. The 
neutrino seems to be a Dirac particle, 
in contrast to ‘theoretical expecta¬ 
tions! 

Thus one needs some new idea to 
explain naturally the occurrence of a 
Dirac neutrino with a very small mass. 


One new Idea was provided by the 
present authors, who were motivated 
by Grand Unified Theories with 
supersymmetry. In supersymmetric 
Grand Unified Theories one needs 
extra fermions and bosons, and also a 
new mass scale related to supersym¬ 
metry which is intermediate between 
the charged fermion mass scale and 
the grand unification mass scale Our 
work uses two more fermions m addi¬ 
tion to the neutrinos used in the 
Grand Unified Theories discussed 
above. Thus, one gets at 4*4 mass 
matrix. The form of the matrix is 


0 0 A 
0 0 R 
ABO 
0 C 0 


C 

0 

0 




where A is of the order of the charged 
fermion mass scale, while B and C are 
related to the Grand Unification and 
supersymmetry scales respectively. 
According to supersymmetric grand 
unified theories C and B are ~1 O'" and 
10’“ gigaelectronvolis respectively. 
Thus, A<^0^ B eigenvalues of the 
above matrix can easily be seen to be 
+B, “B, +AC/B, —AC/B. The occur¬ 
rence of the eigenvalues in pairs with 
equal magnitude and opposite signs 
implies that the four Majorana parti¬ 
cles combine to form two Dirac parti¬ 
cles. One of the Dirac particles has a 
large mass B and the other which is 
the neutrino observed in the labora¬ 
tory has a mass AC/B. The observed 
neutrino thus is suppressed in mass 
relative to the charged fermion mass 
by the small factor C/B'^O"” it is 
also predicted to be a Dirac particle. 
Thus this scheme is able to explain 
both the tritium p-decay experiment 
and the lack of observation ,of no¬ 
neutrino double* p-decay simultane¬ 
ously. 

We will conclude with a brief dis¬ 
cussion of some issues related to 
neutrino masses. As seen from 
Table 1, there are three types of neu¬ 
trinos corresponding to the three 
families in which the observed funda¬ 
mental particles group themselves 
The above neutrino mass suppres¬ 
sion scheme can be easily extended 
to the case of three neutrinos (here A, 
B and C themselves become 3*3 


MS 


matrices). Theoretically, one expects 
that neutrinos of one type produced 
in the laboratory wilt change over into 
neutrinos of another type periodically 
as functions of time C this pheno¬ 
menon is called neutrino oscillation). 
Such a transition has not yet been 
observed, but this may be because 
the experimental sensitivity is not suf¬ 
ficient. Also, nonzero neutrino masses 
have important implications for cos¬ 
mology and astrophysics For exam¬ 
ple, cosmological models predict that 
the universe is permeated by a sea of 
neutrinos. If the neutrinos have a 
finite mass, then this sea of neutrinos 
would alter the rate at which the uni¬ 
verse is expanding, due to gravita¬ 
tional attraction. The calculations 
based on the observed expansion rate 
of the universe give an upper bound 
on the sum of the masses of all stable 
neutrinos. However, theoretical con¬ 
siderations of the type alluded to ear¬ 
lier imply that the neutrinos of the 
higher families, and '‘■c are sub¬ 
stantially heavier. Thus to avoid con¬ 
flict the and v,^ may have to be 
unstable. In the scheme considered 
by the authors the and vj-^sre 
expected to decay to v, along with 
the emission of a massless (or almost 
massless) scalar particle called the 
^oldstone (or pseudogoldstone) bo¬ 
son. Although no detailed theory of 
such emissions has yet been worked 
out, qualitative considerations sug¬ 
gest a viable mechanism. 

In conclusion, we have seen that 
the question of neutrino masses has 
very important implications for the 
structure of the fundamental particle 
physics theories as well as for astro¬ 
physics and cosmology. It is very 
important to pursue this question 
further both theoretically and 
experimentally. 
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PITUITARY HORMONES IN 
FISH BREEDING 


Extracts of fish pituitary gland can be used for induced 
breeding of economically valuable fish species 


F ish breeding by pituitary 
hormone injection, also referred 
to as hypophysation, is an effective 
and a dependable way of obtaining 
pure seed of cultivable fishes and is 
practised today on a fairly extensive 
scale in India as well as scores of 
other countries in the world The 
hypophysation of fishes provides an 
outstanding example of the success¬ 
ful application of a laboratory tech¬ 
nique to the solution of a big practical 
problem Although fish breeding 
through hypophysation is well estab¬ 
lished as a technique now, scientists 
are still continuing their research on it 
to counteract several field problems 
in order to make the know-how more 
and more simple and acceptable for 
its extension in rural areas. 

Historical background 

The present day concept of the role 
of pituitary in the reproduction of ver¬ 
tebrates is reported to have origi¬ 
nated from the experiments of S 
Aschheim and B. Zondek in 1927 
when they found that pituitary im¬ 
plants accelerated the sexual devel¬ 
opment of female mice. Three years 
later, in 1930, B.A. Houssay of Argen¬ 
tina performed first such experiment 
on a fish. He injected a small vivipar¬ 
ous catfish {Cresterodon decemma- 
culatus) with extracts prepared from 
freshly removed pituitary glands from 
another species of fish (Prochilodus 
platensis) bringing about the prema¬ 
ture birth of deveioping young. Get¬ 
ting ciue from Houssay's work, R. von 


Ihring, Director of a federal fish cultu¬ 
ral establishment in Brazil, started 
working on the problem. By 1934, a 
successful technique could be worked 
out in which certain Brazilian pond 
fishes were made to spawn by inject¬ 
ing them with a suspension of fresh 
pituitary glands collected from other 
less valuable species of fishes The 
Brazilians, thus, were the first to use 
the technique of fish breeding suc¬ 
cessfully through hypophysation The 
Russians were the next to introduce 
hormone treatment in fish breeding 
Although scientists ih USSR had 
started making such attempts at 
induced breeding in 1932, it was not 
until five years later that Gerbil'skii 
finally succeeded in inducing a signif¬ 
icant number of Sturgeons (Aci- 
penser stellatus) to produce mature 
eggs and milt by infecting them intra- 
cranially with fresh pituitaries of the 
same species. At present not only the 
Sturgeons but several other impor¬ 
tant species of food fishes in USSR 
are being increasingly induced bred 
for culture by adopting the method of 
hypophysation. 

India is the third country in the 
world to make the technique an inte¬ 
gral part of its piscicultural pro¬ 
grammes. The first attempt at hypo¬ 
physation in India was made by 
Hamid Khan in 1937 when he tried, 
albeit unsuccessfully, to induce spa¬ 
wning in CIrrhInua mrigala by the injec¬ 
tion of mammalian pituitary gland. 
Next attempt in this direction was 
made by A. Hussain in 1945 who 
administered certain hormones (80- 
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120RU Prolan and Antuitrin-S) into 
female Labeo rohita and Cirrhinus 
mrigala. The injection did help in 
making them easy to strip but the 
eggs could not be fertilized . After this, 
for a period of about ten years, no 
further attempts were made in this 
direction. It was in 1955 that Hira Lai 
Chaudhuri succeeded in inducing 
spawning in Esomua danricua by intra- 
peritoneal injection of the extract pre¬ 
pared from the pituitary gland of 
Catta catia at the Pond Culture Div¬ 
ision of the Central inland Fisheries 
Research Sub-station, Cuttack (Oris¬ 
sa) Soon, he also succeeded in 
breeding Psaudotropiua athennoidea 
by administering extract of pituitary 
gland from Cirrhinus reba. Almost 
during the same period, at the Zoo¬ 
logical Laboratories of Mysore Uni¬ 
versity. emerged another team of 
scientists. L.S. Ramaswamy and B.l. 
Sundararaj, who achieved success in 
induced breeding in air-breathing 
catfishes, Heteropneustas fossilis and 
Clanas batrachus. in 1955 and 1956 
respectively. 

The first success m induced breed¬ 
ing of Indian major carps {Labeo roh¬ 
ita and Cirrhinus mrigala) and medium 
sized carps {Labeo bate, Cirrhinus 
reba and Puntius sarana) through 
hypophysation was achieved in 1957 
by Hira Lai Chaudhuri and K.H. Ali- 
kunhi at the CIFR Sub-station, Cut¬ 
tack. For breeding Catia catia, several 
attempts were made during the years 
1955 to 1958 at Cuttack, but success¬ 
ful spawning was- achieved only m 
May 1959 at Joysagar, Assam Not 
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mass mVM and corresponds to the 
states present in the standard expla¬ 
nation. Thus,, the smallness of mv 
compared tocharged fermion masses 
is because of the small factor m/M. 
We note that the extensions of the 
standard explanation which use this 
suppression trick (i.e., most of the 
extensions existing in the literatilre) 
predict that neutrinos are Majorana 
particles. 

What does experiment tell us about 
the Majorana or Dirac nature of the 
neutrino? The Russian experiment 
gives us the mass of the neutrino, but 
does not tell us whether it is a Majo¬ 
rana or a Dirac particle. Information 
on this question comes from experi¬ 
ments searching for the neutrinoless 
double-beta-decays (A, Z) ->(A, Z-i- 2) 

+ e +e' or (A, Z)->-(A. Z-2)+e* + e* 
These processes can occur only if the 
neutrino is a Majorana particle. To 
understand the reason one can con¬ 
ceive the process as occurring in two 
steps. Let us consider the first reac¬ 
tion. We may imagine it as occurring 
in two-steps through a virtual antineu¬ 
trino ■»» 

(A, Z)-HfA, Z-f 

»v4-<A, Z-l-f>(A, Z4-2)+e 
The first step is just the usual p decay 
of Eq. lb. The second step would be 
the inverse P decay reaction to Eq. lb, 
if one had written v^instead of v if one 
is dealing wtth Otrac neutrinos, then v 
. and V are distinct, the second step 
does not occur, and the no-neutrino 
double-p-decay is prohibited. If the 
neutrinos are Majorana particles, 
then the second reaction is allowed 
SI nee there isnodistinctiqn between v 
and V Thus. In this case one can have 
the no-neutrlno p p decay process; its 
rate turns out to be proportional to the 
square of the neutrino mass. If one 
takes the neutrino mass value from 
Lubimov's group one can use nuclear 
physics to calculate the expected 
rate. Experiments looking for this 
process do not find it. though they are 
sensitive to the expected rate. The 
neutrino seems to be a Dirac particle, 
in contrast to theoretical expecta¬ 
tions! 

Thus one needs some new idea to 
explain naturally the occurrence of a 
Dirac neutrino with a very small mass. 

SCIENCE REPORTER 


One new idea was provided by the 
present authors, who were motivated 
by Grand Unified Theories with 
supersymmetry. In supersymmetric 
Grand Unified Theories one needs 
extra fermions and bosons, and also a 
new mass scale related to supersym¬ 
metry which is intermediate between 
the charged fermion mass scale and 
the grand unification mass scale Our 
work uses two more fermions maddi¬ 
tion to the neutrinos used in the 
Grand Unified Theories discussed 
above. Thus, one gets at 4*4 mass 
matrix. The form of the matrix is 

( 0 0 A 0 - 

ODBC 
A B 0 0 

0 C 0 0 

where A is of the order of the charged 
fermion mass scale, while B and C are 
related to the Grand Unification and 
supersymmetry scales respectively. 
According to supersymmetric grand 
unified theories C and B are—1 O'" and 
10'^ gigaelectronvolts respectively. 
Thus. eigenvalues of the 

above matrix can easily be seen to be 
+B. - B, +AC/B, —AC/B. The occur¬ 
rence of the eigenvalues in pairs with 
equal magnitude and opposite signs 
implies that the four Majorana parti¬ 
cles combine to form two Dirac parti¬ 
cles. One of the Dirac particles has a 
large mass B and the other which is 
the neutrino observed in the labora¬ 
tory has a mass AC/B. The observed 
neutrino thus is suppressed in mass 
relative to the charged fermion mass 
by the small factor C/B'^tO"*’ It is 
also predicted to be a Dirac particle. 
Thus this scheme is able to explain 
both the tritium p-decay experiment 
and the lack of observation .of no- 
neutrino double^ {i-decay simultane¬ 
ously. 

We will conclude with a brief dis¬ 
cussion of some issues related to 
neutrino masses. As seen from 
Tablet, there are three types of neu¬ 
trinos corresponding to the three 
families in which the observed funda¬ 
mental particles group themselves 
The above neutrino mass suppres¬ 
sion scheme can be easily extended 
to the case of three neutrinos (here A, 
B and C themselves become 3*3 


matrices). Theoretically, oneaxpeots 
that neutrinos of one type produced 
in the laboratory will change over Into 
neutrinos of another type periodically 
as functions of time C this pheno¬ 
menon is called neutrino oscillation). 
Such a transition has not yet been 
observer^, but this may be because 
the experimental sensitivity is not suf¬ 
ficient. Also, nonzero neutrino masses 
have important implications for cos¬ 
mology and astrophysics. For exam¬ 
ple. cosmological models predict that 
the universe is permeated by a sea of 
neutrinos. If the neutrinos have a 
finite mass, then this sea of neutrinos 
would alter the rate at which the uni¬ 
verse is expanding, due to gravita¬ 
tional attraction. The calculations 
based on the observed expansion rate 
of the universe give an upper bound 
on the sum of the masses of all stabfa 
neutrinos. However, theoretical con¬ 
siderations of the type alluded to ear¬ 
lier imply that the neutrinos of the 
higher families, and are sub¬ 
stantially heavier. Thus to avoid con¬ 
flict the and ''■r may have to be 
unstable In the scheme considered 
by the authors the and vy^re 
expected to decay to v, along with 
the emission of a massless (or almost 
massless) scalar particle called the 
^oldstone (or pseudogoldstone) bo¬ 
son. Although no detailed theory of 
such emissions has yet been worked 
out, qualitative considerations sug¬ 
gest a viable mechanism. 

In conclusion, we have seen that 
the question of neutrino masses has 
very important implications for the 
structure of the fundamental particle 
physics theories as well as for astro¬ 
physics and cosmology. It is very 
important to pursue this questidn 
further both theoretically and 
experimentally. 
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PITUITARY HORMONES IN 
FISH BREEDING 


Extracts of fish pituitary gland can be used for induced 
breeding of economically valuable fish species 


F ish breeding by pituitary 
hormone injection, also referred 
to as hypophysation, is an effective 
and a dependable way of obtaining 
pure seed of cultivable fishes and is 
practised today on a fairly extensive 
scale in India as well as scores of 
other countries in the world. The 
hypophysation of fishes provides an 
outstanding example of the success¬ 
ful application of a laboratory tech¬ 
nique to the solution of a big practical 
problem. Although fish breeding 
through hypophysation is well estab¬ 
lished as a technique now, scientists 
are still continuing their research on it 
to counteract several field problems 
in order to make the know-how more 
and more simple and acceptable for 
its extension in rural areas. 

Historical background 

The present day concept of the role 
of pituitary in the reproduction of ver¬ 
tebrates is reported to have origi¬ 
nated from the experiments of S 
Aschheim and B. Zondek in 1927 
when they found that pituitary im¬ 
plants accelerated the sexual devel¬ 
opment of female mice. Three years 
later, in 1930, B.A. Houssay of Argen¬ 
tina performed first such experiment 
on a fish. He injected a small vivipar¬ 
ous catfish (Cresterodon dBcemma- 
culatus) with extracts prepared from 
freshly removed pituitary glands from 
another species of fish {Prochllodus 
plalensis) bringing about the prema¬ 
ture birth of developing young. Get¬ 
ting clue from Houssay's work, R. von 


Ihring, Director of a federal fish cultu¬ 
ral establishment in Brazil, started 
working on the problem. By 1934, a 
successful technique could be worked 
out in which certain Brazilian pond 
fishes were made to spawn by inject¬ 
ing them with a suspension of fresh 
pituitary glands collected from other 
less valuable species of fishes The 
Brazilians, thus, were the first to use 
the technique of fish breeding suc¬ 
cessfully through hypophysation The 
Russians were the next to introduce 
hormone treatment in fish breeding. 
Although scientists in USSR had 
started making such attempts at 
induced breeding in 1932, it was not 
until five years later that Gerbil'skii 
finally succeeded in inducing a signif¬ 
icant number of Sturgeons (Aci- 
penser stellatus) to produce mature 
eggs and milt by injecting them intra- 
cranially with fresh pituitaries of the 
same species At present not only the 
Sturgeons but several other impor¬ 
tant species of food fishes in USSR 
are being increasingly induced bred 
for culture by adopting the method of 
hypophysation. 

India is the third country in the 
world to make the technique an inte¬ 
gral part of its piscicultural pro¬ 
grammes. The first attempt at hypo¬ 
physation in India was made by 
Hamid Khan in 1937 when he tried, 
albeit unsuccessfully, to induce spa¬ 
wning in Cirrhinus mrigala by the injec¬ 
tion of mammalian pituitary gland. 
Next attempt in this direction was 
made by A. Hussain in 1945 who 
administered certain hormones (80- 
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120RU Prolan and Antuitrin-S) into 
female Labeo rohita and Cirrhinus 
mrigala. The injection did help in 
making them easy to strip but the 
eggs could not be fertilized. After this, 
for a period of about ten years, no 
further attempts were made in this 
direction. It was in 1955 that Hira Lai 
Chaudhuri succeeded in inducing 
spawning in Esomus danricus by intra- 
peritoneal injection of the extract pre¬ 
pared from the pituitary gland of 
Calla catta at the Pond Culture Div¬ 
ision of the Central Inland Fisheries 
Research Sub-station. Cuttack (Oris¬ 
sa). Soon, he also succeeded in 
breeding Pseudotropius atherinoides 
by administering extract of pituitary 
gland from Cirrhinus reba. Almost 
during the same period, at the Zoo¬ 
logical Laboratories of Mysore Uni¬ 
versity, emerged another team of 
scientists, L.S. Ramaswamy and B.t. 
Sundararaj, who achieved success in 
induced breeding in air-breathing 
catfishes, Heteropnaustes fossilis and 
Clarias batrachus, in 1955 and 1956 
respectively. 

The first success in induced breed¬ 
ing of Indian major carps {Labeo roh¬ 
ita and Cirrhinus mrigala) and medium 
sized carps {Labeo bata, Cirrhinus 
reba and Puntius sarana) through 
hypophysation was achieved in 1957 
by Hira Lal Chaudhuri and K.H. Ali- 
kunhi at the CIFR Sub-station, Cut¬ 
tack. For breeding Catla caf/a, several 
attempts were made during the years 
1955 to 1958 at Cuttack, but success¬ 
ful spawning Wes' achieved only in 
May 1959 at Joysagar. Assam. Not 
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Flg.1. Pituitary hormone ln|ectlon It being given intra-muecularly to a female Labeo 
rohita 


only the major carps but several other 
species of cultivable fishes including 
the exotic carps and even certain 
brackish water varieties are bred 
through hypophysation and the tech¬ 
nique forms a regular part of fish cul¬ 
ture activities in many parts of India 
now. 

What Is pituitary gland? 

The pituitary gland, also referred to 
as hypophysis in technical expres¬ 
sion. IS one of the most important 
glands of the endocrine system hav¬ 
ing direct bearing on the reproductive 
processes in vertebrates. It lies in a 
bony depression called the sella tur¬ 
cica at the base of the brain. It 
secretes the gonadotropic hormones 
which consist of two distinct substan¬ 
ces. The identity of these gonado¬ 
tropic hormones was first established 
by the use of female rats as test anim¬ 
als. The two hormones were, there¬ 
fore, named with reference to their 
effects on ovary, the follicle stimulat¬ 
ing hormone (abbreviated as FSH) 
and the luteinizing hormone (or LH). 
Later, it was showQjhat both these 
hormones were also secreted by 
pituitary glands of males but no effort 
has since been made to rename ^SH 
when Its effect in males is discussed. 
Both these hormones are secreted all 
round the year, but the proportion in 
which they are secreted is directly 
correlated with the cycle of gonadal 
maturity. The FSH causes the growth 


and maturation of ovarian follicle in 
females and spermatogenesis in the 
testes of males while LH helps in 
transforming the ovarian follicles into 
corpora lutea in females and promot¬ 
ing the production of testosterone in 
males. These hormones are not spe¬ 
cies specific, i.e., a hormone obtained 
from one species is capable of stimu¬ 
lating the gonads of another. How¬ 
ever, there is great variability in its 
effectiveness in different species. 
Experiments conducted on induced 
breeding of fishes have clearly shown 
the relative effectiveness of fish pitui¬ 
tary extracts over mammalian pitui¬ 
tary hormones, sex hormones and 
various steroids. This is the reason 
why fish pituitary is being extensively 
used today in fish breeding work all 
over the world. 

In fishes, the pituitary gland is 
forrhed in the form of a compact small 
mass of creamy-whitish colour lying 
on the ventral side of the brain imme¬ 
diately behind the optic chiasma on 
the floor of the brain box. In shape, It 
may be spherical, cylindrical, ovoid or 
conical depending upon the species. 
The size and weight vary according to 
the size and weight of the fish. For 
example, a Labeo rohita in the weight 
range of one to two kg has a pituitary 
gland of 6.6 mg average weight, in two 
to three kg 10.3 mg. in three to four kg 
15.2 mg, four to five kg 18.6 mg and 
likewise. The gland usually remains 
attached to the brain by a stalk (infun¬ 
dibular stalk) which may be short. 


slender or moderately long. Some¬ 
times, a distinct stalk may be totally 
missing. Glands having distinct stalk 
are classified as leptobasic type as in 
Cyprinidae and without a distinct 
stalk as platybasic type as in Nandi- 
dae, Channidae, etc. 

Morphologically, the pituitary gland 
in fishes is composed of two different 
parts: the glandular part, the adeno¬ 
hypophysis and the nervous part, the 
neurohypophysis. It is actually the 
adenohypophysis which plays the 
key role in controlling gonadal func¬ 
tions. The adenohypophysis, in fact, 
is the largest part of the gland and is 
composed of three more or less dis¬ 
tinctly distinguishable lobes, viz., 
(i) anterior glandular lobe or rostral 
pars distalis, (ii) middle glandular 
lobe or proximal pars distalis and 
(iii) posterior glandular lobe or pars 
intermedia. Of the three, the middle 
glandular lobe or proximal pars dista¬ 
lis is the most important. It secretes 
most of these hormones. Thyrotrop¬ 
ins, somatotropins and gonadotrop¬ 
ins are the main secretory hormones 
of this lobe. The thyrotropins help in 
the formation of thyroxin which con¬ 
trols the growth and activity of thy¬ 
roid. The somatotropins stimuiate 
cellular growth causing increase in 
body size. The gonadotropins, which 
are secreted by certain basophilic 
cells in the ventral portion of the lobe, 
play an important role in the develop¬ 
ment of gonads. The fish gonadotrop¬ 
ins, in fact, have not been studied so 
much in detail as gonadotropins in 
mammals. It is believed that like mam¬ 
malian pituitary, fish pituitary also 
contains both FSH-like and LH-like 
gonadotropins. There are, however, 
different views regarding content and 
release of FSH and LH from fish pitui- 
tarles. In some fishes, two gonitdo- 
tropins have been described while in 
others only one type has been identi¬ 
fied. Several attempts have been 
made in the recent past to isolate and 
purify the gonadotropic hormones 
from the teleostean pituitary glarlds 
through chemical fractionation. Three 
different fractions could be obtained 
in the process of which the second 
fraction has been reported to be 
effective in inducing ovulation and 
spawning in fishes. . 
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Fig Rwnoval of pituitaiy gland from flah-hoad;(a) Ifta acalpof lha Nth It balng choppad 
off by an obllqua atroka of a bulchar't knifa, (b) tha brain hat baan axpotad after 
otoaiting tha gray matter and ftNy aubatancaa from tha cut portion of tha acalp, (c) lha 
brdin hat baan llftad out to aapoaa tha floor of tha brain box, (d) tha gland la balng 
ramoaad 


Celtoction of pituitary glands 

Pituitary glands are collected from 
the ripe gravid fish of both sexes 
either belonging to the same species 
as the recipient or a closely related 
one. Immature and spent fishes are 
generally avoided. The most approp¬ 
riate time for collection of glands 
from the Indian major carps is just 
prior to or during the breeding sea¬ 
son. Since common carp (Cyprinus 
carpio) is a perennial breeder, its 


mature individuals can be obtained 
almost all round the year for the col¬ 
lection of glands. The glands are usu¬ 
ally preferred to be collected from 
freshly killed fishes but those col¬ 
lected from ice-preserved specimens 
are also used. 

Several techniques are adopted for 
the collection of pituitary glands in 
different countries. In India, the com¬ 
monly adopted technique of gland 
collection is by chopping off the scalp 
of the fish.skull by an oblique stroke 


of a butcher’s knife. After the scalp is 
removed, the grey matter and fatty 
substances lying over the brain are 
gently cleaned with a piece of cotton. 
The brain thus exposed is carefully 
lifted out by detaching it from the 
nerves. In the majority of the Cyprin- 
ids, when brain is lifted, the gland is 
left behind on the floor of the brain 
box. The membrane (dura mater) 
covering the gland is then cautiously 
removed using a fine needie and for¬ 
ceps. The exposed gland is then 
picked up intact without causing any 
damage to it because damaged and 
broken glands result in loss of 
potency. 

Glands are also collected through 
foramen magnum It is, in fact, a much 
easier method of gland removal 
which is commonly practised by the 
professionals for mass-scale collec¬ 
tion in crowded and noisy fish 
markets. In this method of gland col¬ 
lection. the fish is required to be 
essentially beheaded. In markets, 
glands are collected from fish-heads 
that are already cut by retailers. In the 
cut fish-heads, the foramen can be 
clearly seen from behind holding grey 
matter and fatty substances in it. The 
brain lies on the ventral side of the 
foramen. For taking out the gland, the 
grey matter and fatty substances are 
first removed by inserting the blunt 

A 
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Ftg.4. A hand cantntugc iMchlna 

end of the forceps toio the foramen 
and pulling out the entire matter with¬ 
out disturbing the brain The brain is 
then lifted up carefully and pushed 
forward or is pulled out of the hole. 
The gland lying at the floor of the 
brain box is then picked up using a 
pair of tirre tweezers An experienced 
worker easily manages to collect 
about 50 to 60 glands in one hour by 
adopting this technique of collection. 

Preservation of pituitary giands 

If the collected glands are not 
meant for use then and there, they 
must be preserved at once orelse due 
to their glyco- or muco-protein nature 
they are liable to immediate enzymic 
action The glands after collection are 
Immediately put in absolute alcohol 
for defatting and dehydration. After 
24 hours, the glands are washed with 
absolute alcohol end Kept again in 
fresh absolute alcohol contained in 
dark coloured bottles and stored 
either at room temperature or in a 
refrigerator Occasional changing of 
alcohol helps in keeping the glands in 
good condition tor longer periods 
Preservation ol glands in absolute 
alcohol IS, in fact, moie convenient 
because it does nut essentially require 
a refrigerator tor subsequent storage 
and IS. therefore, most suited particu¬ 
larly to the poor farmers in a country 
like India. 

Acetone also is a good preserva¬ 
tive. In this method, soon after collec¬ 
tion, glands are kept in fresh acetone 
or in dry ice-chilleo acetone inside a 


refrlgeratoi^ CJO^C) for 36 to 48 hours. 
During this period, the acetone is 
changed two to three times at about 8 
to 12 hours intervals for proper defat¬ 
ting and dehydration The glands are 
then kept out of acetone, put on a 
filter paper and allowed to dry at room 
temperature for one hour. They are 
then stored in a refrigerator at 10“C, 
preferably in a desiccator charged 
with calcium chloride or any other 
drying agents The preservation of 
glands in acetone is largely practised 
in USSR and the USA. 

Preparation of pituitary extract 

At the time of injection, the required 
quantity of glands is taken out and 
kept on a filter paper for alcohol to 
evaporate The glands are then mac¬ 
erated in a tissue homogenizer by 
adding a measured quantity of dis¬ 
tilled water. The concentration of the 
extract is usually kept in the range of 1 
mg to 4 mg of gland per 0 1 ml of 
distilled water. After homogenization, 
the suspension is poured into a cen¬ 
trifuge tube While pouring, the hom¬ 
ogenizer should be thoroughly sha¬ 
ken so that the settled particles of the 
gland at the bottom of the tube get 
mixed up with the solution and come 
into the centrifuge tube The extract 
in the tube is next centrifuged and the 


supernatant fluid (the clear fluid con¬ 
taining the hormones) is drawn into a 
hypodermic syringe for injection. 

The pituitary extract can also be 
prepared in bulk and preserved in 
glycerine (1 part of extract: 2 parts of 
glycerine) before the fish breeding 
season so that botheration of pre¬ 
paring extract every time before injec¬ 
tion is avoided. The stock extract 
should always be stored ina refrigera¬ 
tor or in ice. 

Technique of breeding 

The induced breeding operation of 
the Indian major carps is taken up 
when regular monsoon sets in. the 
fishes become fully ripe and water 
temperature goes down. Females 
having round, soft and bulging abdo¬ 
men with swollen reddish vent and 
males with freely oozing milt are 
selected for breeding. A male breeder 
can also be easily distinguished by 
roughness on the dorsal surface of its 
pectoral fins. In usual practice, the 
female alone is injected with an initial 
stimulating dose of 2 mg/kg to 
3 mg/kg weight followed by a second 
dose of 5 mg/kg to 8 mg/kg weight 
after a lapse of six hours Two males 
against each female make a breeding 
set. To make a good matching set, the 
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>■ Fig.6. Diagrammatic rapraaanlatlon ol tha 
davaioping agga and larvaa ol an Indian 
ma|or eaip. (a) faiHllzad agg ahowring tha 
formation of blaatodlac, (b) two>callad 
ataga, (c) lour-eallad ataga, (d) aight- 
collod ataga, (a) I9*callad ataga, (I) morla 
ataga, (g) yolk-plug ataga, (h) ambryo with 
idlacamibla haad and tall anda, (I) ‘comma- 
ahapad' ataga of tha ambryo, (|) ambryo In 
’an advancad ataga of davalopmani, (k) 
|ual hatchod out baby and (I) four-day old 
baby flah 

weight of the males together should 
be equal to or a little more than the 
female. Both the males are given only 
a single dose each of 2 mg/Kg to 
3 mg/kg weight at the time of second 
injection to the femaie. Slight altera¬ 
tions in doses may be made depend¬ 
ing upon the condition of maturity of 
breeders and the prevaiiing environ¬ 
mental factors. 


While intra-cranial injections are 
given in USSR and intra-peritoneal in 
Japan and USA, in India, intra- 
muscuiar injection is the most com¬ 
mon practice injections are usually 
given at the caudal peduncle or 
shoulder region near the base of the 
dorsal fin Whiie giving injections to 
the carps, the needle is inserted under 
a scaie keeping it first parallei to the 
body of the fish and then pierced into 
the muscie at an angle. There is no 
hard and fast rule regarding the time 
of injection Injections can begivenat 
any time of the day and night. But 
since low temperature is helpful and 
nigti* time remains comparatively 
quietei, the injections are generally 
given in the late afternoon or evening 
hours with timings so adjusted that 
the fish is able to use the quietitude of 
the night for undisturbed spawning 

After the injection, the breeders are 
released immediately inside the bree¬ 
ding hapa A breeding hapa is gener¬ 
ally made of fine cloth in the standard 
sizes of SSmoTSm^l Om for large 
breeders and 2.5m x1.2m «1.0m for 
breeders weighing less than 3 kg. All 
the sides of the breeding hapa are 
stitched and closed excepting a por¬ 
tion at the top for introducing the 
breeders inside Generally, one set of 
breeders is introduced into each 
breeding hapa but sometimes in 
order to save on pituitary material, 
community breeding’ is also tried by 
reducing the number of male breed¬ 
ers After the release of the fish, the 
opening of the hapa is securely 
closed so that breeders may not jump 
out and escape. Instead of hapas, 
cement cisterns or plastic pools as 
big as hapas can also be used for 
breeding A 30 cm to35 cm height of 
water has to be maintained in the cis- 
terns/pools, preferably with circula¬ 
tion Tap water or well water may be 
used, but chlorinated water has to be 
avoided 

Spawning normally occurs within 3 
to 6 hours after the second injection. 
Soon after fertilization, the eggs swell 
up considerably owing to absorption 
of water. Fertilized eggs of major 
carps appear like shining glass beads 
of crystal clear transparency while 
the unfertilized ones look opaqueand 
whitish. The size of eggs from the 
same species of different breeders 
varies considerably. Fully swollen 


eggs of the Indian major carps mea¬ 
sure 2.5 mm to 6.5 mm in diameter, 
the largest being that of Caf/a caf/a 
and the smallest. olLabeo rohita. The 
carp eggs are non-floating and non- 
adhesive type The yolk possesses no 
oil globule. The Indian major carps 
have a profuse egg laying capacity 
Their per kg fecundity, on an average, 
is 3.1 lakh in Labeo rohita, 1.3 lakh in 
Catia catia and 1.5 lakh in Cirrhinus 
mrigala 

The developing eggs are retained in 
breeding hapa undisturbed for a 
period of at least 4 to 5 hours after 
spawning to allow the eggs to get 
properly water-hardened After this, 
the eggs are collected from the hapa 
using a mug and poured into a bucket 
with a small amount of water The 
breeders are then taken out and 
weighed to find out the difference 
before and after spawning This gives 
an Idea of the quantity of the eggs 
laid The total volume and number of 
eggs laid can be easily calculated 
from the known volume and number 
of eggs of the sample mug. Percen¬ 
tage of fertilized eggs is also assessed 
accordingly by making random 
samplings 

Technique of hatching the eggs 

The eggs collected from breeding 
hapas are transferred into the hatch¬ 
ing hapas A hatching hapa consists 
of two separate pieces of hapas, the 
outer hapa and the inner hapa. The 
inner hapa is smaller in size and can 
be fitted inside the outer hapa. The 
outer hapa is made of thin cloth in the 
standard size of 2mx1mx1m while 
the inner hapa is made of round 
meshed mosquito net cloth in the 
dimension of 1 75mx0.75mx0.5m. All 
the corners of the outer and inner 
hapas are provided with loops and 
ropes to facilitate installation. About 
75,000 to 1,00,000 eggs are uniformly 
spread inside each inner hapa. The 
eggs hatch out in 14 to 20 hours at a 
temperature range of 24”C to 31“C. 
The period of incubation, in fact, is 
inversely proportional to the tempera¬ 
ture, i.e., lower the temperature 
longer the period of incubation and 
vice versa. After hatching, the hatc¬ 
hlings escape into the outer hapa 
through the meshes of the inner one. 
The inner hapa containing the egg 
(Continued on page 664) 
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Computer and 


M ethods ot medical diagnostics 
to monitor functions of human 
body are becoming sophisticated 
day-by-day The newly devised Gam¬ 
ma Camera arid Computer give not 
only the anatomical details but also 
the actual functioning of organs for 
proper diagnosis and systernat.c ther¬ 
apy An anatomical and physiological 
view of a patient’s interior can also be 
had. However, the piocedures are 
Simple, lequire just an injection, and 
the information gathered is so valua¬ 
ble that It is worth the money spent 
The Gamma Camera was invented 
in 1958 by an American Angoi at thf; 
University of California It was com- 


brain diseases 


pany in U.K began to wonder if a 
computer could be coupled to an 
X-ray machine to clear up the mess 
that goes by the name of diagnostic 
imaging As Hounsfield is an engi¬ 
neer he discussed the subject in detail 
with some medical doctors. But eve¬ 
rybody thought that he was a psychic 
case He however continued to work 
day and night in his small laboratory 
till his objective was realised and ful¬ 
filled The CAT (Computerised Axial 
Tomography) took shape It is the 
most important single investigation in 
medical practice recommended today. 
The device also emits X-rays, but it is 
so quick and thorough that a scan of 


the entire brain, for example, takes 
just five minutes. The machine exam¬ 
ines 32,000 spots in 10 slices of the 
brain, each slice or cut-taking about 
18 seconds. The computer then takes 
over It produces the results in form of 
pictures. The associated calculations 
and information are ready within 15 
minutes. The thoroughness in diag¬ 
nosis and brief duration of radiation 
exposure of the patient have virtually 
placed the device in the category of 
"Non-invasive technology”. Beginning 
as a diagnostic scan for brain dis¬ 
eases, especially tumors, the machine 
has since progressed tremendously 
in the last 10 years. Today the latest 
development in CAT is total body 
scanner. 

The CAT takes a two dimensional 
picture of the cross-section of human 
body. ‘TOMOS’ means section and 
‘graphy’, ot course, is representation. 
A thin pencil-like beam of X-ray 
passes through the body section of 
interest The radiation after traversing 
the body is picked up The computer 
calculates through fairly straightfor¬ 
ward computations the amount of ray 
absorption by each millimeter of 
tissue length. The information is then * 
stored, printed and displayed suitably. 
Very small growths or abnormalities 
or tumors above 0.75 mm to 1.5mm in 


mercialisnd in 1962-63. though it is 
yet not rnanufaefured in India The 
Bhabha Afomi:: Riiif-arcn Centre 
(BARC) made a simple scanning 
device called the npciilineai Scanner" 
III 1973. The Gamma or Scintillation 
Camera witfi aitdched Computer and 
Video tape was imported into India m 
1972. It was installed at the BARC 
Radiation Medicine, next to the lata 
Memorial Hospital, Bombay In due 
course, more sophisticated compu¬ 
ters with floppy disc dnve systems 
were installed at Jaslok Hospital & 
Research Centre. Breach Candy Hos¬ 
pital, Nair Hospital, Bombay; King 
Edward Medical College Hospital, 
Bombay, Institute of Nuclear Medi¬ 
cine and Allied Sciences, Delhi; Choi- 
thram Hospital & Research Centre, 
Indore (M P), etc 

In 1973. the time was ripe for a qual¬ 
itative development of the X-ray 



machine An Englishman H Houns- Rq-I ShowHiflOamma-cwnen with detector, uMd lor brain •cannlna.iodMwslvwlou* 

fi*>lrt working at the EMI Com- brain dleeates 
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Flg.2. Showing •ngiomatoui tumour by 
CAT Scan (Computarlaed Axial Tomo- 
graphy) 

sixe can be detected at an early stage 
The image is projected on to a TV 
screen The pictures can be enlarged 
and certain spots can be highlighted 
tor future scrutiny The CAT, which 
was manufactuied first in 1973, 
arrived in India in 1977 The first 
model was installed at the All India 
Institute of Medical Sciences, New 
Delhi A head scanner is now also 
installed at Chandigarh, Bombay, 
Madras and SCB Medical College, 
Cuttack. It can also be used for diag¬ 
nosing diseases of the eyes and nos© 
There are only two whole bo<ly 
scanners in the country, one each at 
the K.J.Hospital, Madras, and Nana- 
vati Hospital, Bombay. This six ton 
equipment costs Rs.1 crore while the 
head scanner costs Rs 35 lakhs 
A scan costs between Rs 800 and 
Rs 850 However, one scan accom¬ 
plishes the equivalent of several X-ray 
pictures. Here are given the uses of 
CAT scanner : (i) Head injuries A 
CAT, unlike a radionuclide scanner, 
is sensitive enough to detect acute 
intracranial bleeding. The bleeding 
appears more black than normal 
brain tissue due to high density. How¬ 
ever, after several days, haematoma 
lose their abnormal density and may 
be difficult to detect by a CAT. In the 
subacute and chronic situation, the 


radionuclide scan is currently the 
choice, (ii) Cerebral oedema. It is an 
abnormal condition of the brain 
tissue where there occurs accumula¬ 
tion of body fluids giving rise to enlar¬ 
gement of the brain cavity A CAT. 
unlike radionuclide brain scanner, 
enables assessment of the size of 
brain cavity, which is a useful index to 
the degree of cerebral oedema, 
(ill) Hydrocephalous. It is an abnor¬ 
mal condition where the head circum¬ 
ference of the child is unusually big. 
This enlargement of head is usually 
due to blockage of normal passage of 
cerebrospinal fluid in the bramcavity 
As a result of the blockage, head cir¬ 
cumference increases. A CAT allows 
accurate assessment of the size of 
brain cavity and changes in brain 
tissue also This can be supple¬ 
mented by radionuclide cistenography 
which helps in defining abnormal 
cerebrospinal fluid passage (iv) Cere¬ 
bral tumors (Brain tumors), A CAT 
will detect lesions missed by a radion¬ 
uclide scanning because (a) the lesions 
fail to occumulate a detectable 
amount of radionuclide, (b) the lesions 
are obscured by overlying oradjacenl 
anatomical structures such as pitui¬ 
tary gland, and (c) the lesions are 
small and beyond the resolution of 
the scanner or gamma camera 
A CAT should be used when look¬ 
ing for tumor recurrence following 
surgery For technical reasons like 
edge artefacts which are more com¬ 
mon to CAT, the radionuclide scan 
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may be more useful in the detection of 
peripherally located intracranial 
metastasis, e.g., subdural metastasis 
due to breast cancer; (v) Cerebrovas¬ 
cular disease. Cerebrovascular dis¬ 
ease IS a condition where there 
occurs a rupture or blockage in the 
blood supply to brain tissue leading 
to death of tissues. In the above diag¬ 
nosis of cerebrovascular disease a 
CAT has a specific advantage over 
radionuclide imaging in that the dead 
area may be shown in the acute phase 
as an area of reduced density occur¬ 
ring several hours after the onset of 
decreased bood flow to the particular 
region of brain tissues But it takes ten 
days for the radionuclide scan to be 
positive. 

Radionuclide Imaging 

When the CAT scanner came into 
existence, every one thought that the 
gamma ray defector would become 
obsolete But it has now been realised 
that It has its own vital function to 
perform While the CAT scanner 
takes static pictures of an organ, the 
new gamma ray detector, called 
“scintigraph" or “gamma ray camera", 
IS capable of a dynamic study In 
other words, a scintigraph deter¬ 
mines the functions of an organ with 
respect to time There are certain 
abnormalities in the brain such as 
supierior sagital sinus tumor, angio¬ 
matous malformation which cannot 
oe diagnosed by the CAT Aradionu- 



Fig.3. snowing aneurytm of middle cerebral artery by Radionuclide Imaging aa well aa 
carotid angiography 
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Clide scanner can however diagnose 
them. A gamma camera consists of 
two parts, one is the detector part and 
the other photographic. The detector 
IS circular in shape containing photo¬ 
multiplier tubes which receive gamma 
rays emitted by patient's body due to 
to radio-isotope injection given to 
him. The photographic part then 
takes pictures of these attenuated 
rays So a series of pictures from dif¬ 
ferent positions of the brain are taken 
on a film in gamma camera As the 
camera is further attached with digital 
computer a series of multiple views of 
the brain are projected on to the com¬ 
puter screen It is stored in the com¬ 
puter memory for further analysis 
The computer enables a nuclear phy¬ 
sician to study the selective areas of 
interest of the brain tissue. Italsogen- 
erates curves of both sides of cerebral 
hemispheres for interpretation. 

Usuallly, there are two types of 
study of brain-diseases. The first type 
IS dynamic study in which the study of 
the function of brain tissue is con¬ 
ducted with respect to small time 
intervals It is carried out by taking 
multiple pictures of the brain keeping 
the time limit of 0.5 seconds per pic¬ 
ture for the first 15 seconds. Static or 
delayed pictures are usually taken 
after one and half hours of first part of 
the study. In static pictures, different 
views of the brain such as anterior, 
right lateral, left lateral, posteriorand 
vertex views are taken in gamma 
camera and computer 

The latest development in medical 
science is N M.R.(Nuclear Magnetic 
Resonance) N M R, works on the 
principle of absorption and re-emis¬ 
sion of radio frequency electromag¬ 
netic energy by certain nuclei placed 
within strong magnetic field. In this 
new modaiity of N.M R imaging, no 
radioisotope injection is given as is 
done in radionuclide imaging. Here 
the diseased organ of the patient is 
usually kept between two strong 
magnets. As a result, hydrogen atoms 
present in the body fluids of man act 
as protons which are deflected by the 
strong magnetic field. Then the sig¬ 
nals are collected together by a 
sophisticated electronic device which 
forms N M R. images of that paticular 
organ. By this new imaging proce¬ 


dure, metabolic changes in tissue, 
including intra- and extra-cellular 
compartments, various inflammatory 
changes in the body, effect of differ¬ 
ent drugs given in neurological dis¬ 
orders can be detected. 


G rowth m transportation, comm¬ 
unication, packaging and surface 
coating sectors of economy is a measure 
of a nation’s progress. If there is one 
single greatest development that has 
contributed greatly to all the above 
sectors of economy, it is the develop¬ 
ment of man-made polymers for use 
as engineering materials in the above 
fields. Of the many man-made poly¬ 
mers, the compounds of carbon with 
hydrogen, fluorine or silicon need 
particular mention for use as engi¬ 
neering materials in view of their sev¬ 
eral unique properties. Polymeric 
materials also referred to as elasjo- 
mers (rubber -1 ike) or resins are end¬ 
less molecules stitched together form 
a large numberof monomer units. For 
example, natural rubber is made up of 
a large number of recurring identical 
isoprene units linked Into immense 
chains. The polymers have such uni¬ 
que features as low cost, light weight, 
high strength and resistance to 
temperature and corrosive chemicals 
such as acids, alkalies, solvents, etc., 
to make them valuable materials for 
use in several industries such as agri¬ 
culture, transportation, electronics, 
packaging, fabrication and paints 
replacing the conventional materials. 
We will now consider these materials 
and their uses in detail. 

Synthetic rubban 

Hydrocarbons are compounds of 
carbon and hydrogen. Rubber is one 
of the most familiar examples of the 
hydrocarbon polymers and the dis¬ 
covery of synthetic rubbers has revo- 


Qlita Nandan Mahapatra 

Nuclear Physician 
Deptt' of Nuclear Medicine 
Sher-i-Kashmir Institute of 
Medical Sciences, Soura 
Srinagar—190011 


lutionised transportation industry. 
For a long time, natural rubber was 
used formaking automobiletyres, hot 
water bottles, surgeon's gloves, etc. 
Production of robber from hevea 
trees is laborious and properties of 
natural rubber are not that satisfac¬ 
tory, nor was natural rubber able to 
meet the demand of the industry 
Chemists tried hard to produce 
isoprene (CsHb), the building block of 
natural rubber, in laboratories and 
then to polymerise it in a way desira¬ 
ble to produce rubber of satisfac¬ 
tory quality. However, the first man¬ 
made rubber was not a polymer of 
isoprene but was that of a different 
substance butadiene with a formula 
of C 4 H 6 . A good automobile tyre or 
tube should not swell in oils and fats, 
should resist oxidising agents, heat 
and rapid wear besides being highly 
impervious to air. The several short¬ 
comings of the natural rubber are 
greatly overcome by the several varie¬ 
ties of man-made rubber such as the 
sodium polymerised butadiene or 
Buna rubber for vehicle tyres and the 
butyl rubber produced by the joint 
polymerisation of isobutene and iso¬ 
prene for tyre tubes. Polyurethane 
rubbers are used to make foam 
rubber for upholstery due to their 
high tensile strength and resistance 
to aging. 

Synthetic pleatics 

The compounds of carbon and 
hydrogen are responsible for produc¬ 
tion of a large number of important 
materials besides rubber. They are 


Man-made polymers—the engineering 
materials of future 
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the plastics. Synthetic plastics like 
polyethylene, polystyrene, polyprop¬ 
ylene, polyvinylchloride, etc., and 
their appiications are quite \Mell- 
known. 

Polystyrene moulding powder is 
widely used in the manufacture of 
cassettes, bangies, beads, containers 
and other domestic goods. Du ring the 
Wortd War ii, a iarge proportion of 
styrene was used in making the 
styrene-butadiene rubber. After the 
war, the market for piastics grew and 
poiystyrene plastics are one of the 
most important of this group. Expan¬ 
ded polystyrene or simply called EPS 
is one of themost widely used insulat¬ 
ing material for refrigeration appli¬ 
cations since the EPS has a very low 
density of about 15 kilograms per 
cubic meter, EPS packing materials 
are commonly used for packing tran¬ 
sistors. mixies, tape recorders and a 
host of such products. Polyethylene 
is also largely used in packaging 
industries Milk is widely supplied in 
disposable polythene packets for 
convenience of consumers. Chemi¬ 
cals are transported in polythene car¬ 
boys since corrosive liquids likeacids 
are nonreactive to polyethylene 

Koiypropylene is also highly resist¬ 
ant to corrosive chemicals and also to 
temperature upto 130“C. Polypropy¬ 
lene is therefore extensively used for 
maki ng trays for driers besides its use 
in making diaphragm valves, ball 
valves and scrubbers for hazardous 
gases like HCI. SOy HNO,, etc. 

Polyvinylchloride (PVC) is another 
important engineering plastic and is 
presently used in a variety of applica¬ 
tions as a substitute for leather, 
rubber, paper, glass, cellophane, etc. 

PVC protective covers are now 
being used extensively for covering 
food grains, cars, scooters, etc , in the 
open yards to protect them from rain 
and weather. A large tonnage of PVC 
is being used in India for the produc¬ 
tion of pipes and conduits particularly 
for agricultural and irrigation applica¬ 
tions, economical footwear, wires 
and cables for domestic lighting, rigid 
films for packaging, blow-moulded 
containers, etc. 

Adhesives and paints 

Polyvinylacetate (PVA) is exten¬ 


sively used in adhesives and paints. 
The PVA polymers are colourless, 
transparent and tough and they form 
films of good heat-sealing properties. 
The familiar adhesives that are used 
by furniture makers are based on 
PVA Acrylates are another important 
group of hydrocarbon polymers with 
a major market in surface coatings. 
Synthetic materials like acrylates 
have greatly helped in reducing the 
use of edible oil in the paint industry. 
The importance of paints as decora¬ 
tive and protective coating films 
needs no overemphasising. Acrylates 
are extensively used in textile indus¬ 
try as adhesives, fabric finishes, pig¬ 
ment binders, etc. They are also used 
as additives to paper pulp to improve 
tensile strength and folding endu¬ 
rance of paper. 

Reinforced plastics and windshields 

Polyvinylbutyral is an important 
material finding widespread use in 
automobile windshields. A layer of 
flexible energy absorbing PVB resin 
IS laminated between two sheets of 
glass in a sandwich manner. These 
windshields are far safer and it is 
reported that in America, serious 
injuries related to windshields in 
automobile accidents dropped from 
15% of all injuries in 1962 to less than 
2% in cars manufactured after 1966. 
Polyester resins are widely used in 
reinforced plastics whose advantages 
are too numerous to mention. 

Fluorocarbons 

Next to hydrocarbons, fluorocar¬ 
bons constitute an important groupof 
synthesised engineering materials. 
Few other man-made compounds 
have such unique properties and uses 
as fluorocarbons, the compounds of 
fluorine with carbon. Fluorocarbons 
are highly unreactive and resistant to 
heat and practically nothing can des¬ 
troy them. They neither burn, nor rot 
nor are affected by inorganic or 
orpanic acids, alkalies or solvents. 

They have such varying uses as 
cooling fluids in motors, lubricants, 
insulators, etc Polytetrafluoroethy- 
lene, or teflon in short, is one of the 
most important compounds of this 
group which can withstand heating 
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upio SOO'C. lenon accounts ror 
about 70% of the fluorine resins used 
in Japan with a major usage as auto¬ 
mobile parts. About thirty parts 
inciuding piston rings, oil seals, bear¬ 
ings and control cables are reportedly 
made of teflon. Teflon is finding 
growing use in office automation 
equipment particularly the rollers and 
bearings of copying machines. Bear¬ 
ings made of teflon practically need 
no lubrication. Polyvinyliden fluoride 
(PVDF) is another important fluoro¬ 
carbon resin that is now widely used 
in Japan as a protective coating for 
electric wires and PVC pipes. Besides 
their use as lubricants, fluoroplastics 
are excellent dieletrics and are highly 
heat resistant in nature. Liquidfluoro- 
carbons are noncombustible and 
freeze at very low temperatures and 
hence find numerous applications 
where these properties are es^ntial. 
In addition, they are neither attacked 
by insects nor are affected by corrod¬ 
ing agents. 

Fluon gas is another important fluo¬ 
rocarbon material for use as a refrig¬ 
erant. The use of fluon gas is expected 
to rise smoothly as fierceness of 
summer and standards of living keep 
rising. Fluon gas is also widely used 
for aerosol applications, as foaming 
agents and in solvent fire extin¬ 
guishers, semiconductor—use—et¬ 
chants and metal degreasing agents. 
In the past, the semiconductor use 
etchants were essentially the wet pro¬ 
cess agents such as hydrofluoric acid 
or ammonium fluoride. But recently, 
due to the spread of high density 
assembly, the dry process method 
using gases is gaining more popularity. 

Silicones—the compounds of carbon 
and silicon 

Silicones or silico carbons are 
another important group of polymers 
that are used for a number of applica¬ 
tions. Like fluorocarbons, silicones 
also resist high temperatures over 
long periods. Some grades of silicone 
rubbers are stable upto 350°C and do 
not swell in organic solvents. There¬ 
fore, they are used in making hoses 
for fuel transport systems. The other 
important properties of organo sil¬ 
icone products are water repellancy, 
lubricity, low volatility and high boii- 
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' ing point Silicone liquids, therefore, 
i find applications in high vaccum 
■ pumps, high temperature lubricants, 
water repellant fabrics and heat res¬ 
istant enamels 


’ Conclusions 

The use of man-made polymers as 
important engineering materials is 
widely recognised and a constant 
■ search is going on for synthesising 
; newer and superior polymers for 
, replacing the conventional materials 
; with the associated technical and 
: economical advantages A few of the 
important newer polymer develop¬ 
ments are in the fields of road coating 


materials ana agriculture to boost up 
farm production. In Russia use of pol¬ 
ymeric ultra filter membranes in the 
production of soft cheese is reported 
to boost output by 8 %- 10 % thereby 
saving a considerable amount of milk. 
Man has learnt from nature the skill of 
stitching molecules together and has 
excelled in developing materials that 
are useful The man-made engineer¬ 
ing materials will continue to contrib¬ 
ute greatly to national economy and 
to the ever improving standards of liv¬ 
ing conditions 

V.V.R. Sastry 

Group Technical Manager 
Greaves Foseco Limited, Chinchwad 

Pune-411019 


Carbon dioxide and crop yields 


T he continuing industrial boom is 
increasing carbon dioxide in the 
■ atmosphere through the burning of 
' fossil fuels The felling of forests and 
'c decay of organic matter also add to 
this increase. Since1958. theconcen- 
* (ration of atmospheric carbon dioxide 
IS being measured annually. Available 
data reveal that the concentration is 
, increasing at an annual rate of about 
1.5 parts per million (ppm) It is esti¬ 
mated that fossil fuels release five t ril- 
' lion (lO’O grams of carbon dioxide 
aach year, while destruction of 
forests and oxidation of humans 
, together release twelve trillion grams. 

' The problem is thatcarbon dioxide, 
n contrast to the other major atmos¬ 
pheric components, oxygen and nit- 
'ogen, absorbs infra-red radiation 
which IS the principal out-going radi- 
' ation from earth's surface to outer 
space. The increase of carbon diox- 
de in the atmosphere can thus be 
expected to result in a rise in the sur- 
' ace temperature This phenomenon 
s known as 'Green-house effect’ and 
juring recent yeais serious attention 
las been focussed on this vital envir- 
* ■ )nmental change which according to 
■ :ynics would result into melting of 
.; Jiaciers, increase in sea level and 
'• subsequent loss of fertile lands on 
i jiobe 

I iCIENCE REPORTER 


While doomsday signals were recei¬ 
ved from some quarters, optimistic 
scientists asserted that the increase 
in carbon fixation by photosynthesis 
wili be large enough to slow down the 
increase in atmospheric carbon diox¬ 
ide produced by burning fossil fuels 
Prof Sylvan Wittwer of USA went 
ahead to conclude that an increase in 
concentration of atmospheric carbon 
dioxide from 330 ppm to 1000 ppm 
will greatly increase photosynthetic 
productivity and ultimately crop yields 
This was not the first report on benefi¬ 
cial effects of increased carbon diox¬ 
ide concentration Even in plant 
physiology textbooks, it is mentioned 
that a linear increase rate of photo¬ 
synthesis occurs upto 3500 ppm of 
carbon dioxide concentration, whe¬ 
reas a further increase causes leaf 
injury in plants Various studies repor¬ 
ted an increase in rate of photosyn¬ 
thesis at higher carbon dioxide 
concentrations In soyabean, rate of 
photosynthesis was four times higher 
than normal at COj concentration of 
1670 ppm and in corn 20% increase ir 
photosynthesis was observed at 510 
ppm of CO^ Though encouraging, 
the results were not considerd relia¬ 
ble since most of these studies were 
conducted in green-houses and pho¬ 
tosynthesis was measured for short 
periods 

BS8 


Long-term studies with cucumber 
revealed that after 5 days the rate of 
photosynthesis at 2400 ppm and 5500 
ppm of CO? had fallen below normal. 
This trend continued as the time 
interval increased. Similar results 
were also reported from experiments 
conducted on soyabean and tobacco. 
However, the absolute rate of photo¬ 
synthesis was always higher at a 
higher concentration of COj. Resear¬ 
ches in this field have suggested that 
decrease in rate of photosynthesis 
following prolonged exposures to 
• high CCh concentrations was due to 
accumulation of starch in leaves. 
Because of excessive starch, leaves 
start deforming and finally begin to 
wither. 

Long-term experiments with high 
concentrations of CCh give different 
results for various species. It is gener¬ 
ally concluded that plants with ’he C 3 
carbon pathway usually show a 
greater increase in rate of photosyn¬ 
thesis at higher CO^ concentrations 
them plants with the C 4 pathway In 
addition the response of high CO? 
concentration is greater in indetermi¬ 
nate plants such as cotton and soya¬ 
bean than in determinate plants such 
as corn, sorghum, and sunflower 

Apart from the increase in the rate 
of photosynthesis, exposure of plants 
to high concentrations of COj produ- 
, ces some morphological and physio¬ 
logical changes. The important mor¬ 
phological changes observed are 
increase in branching, greater stem 
length and increase in root/shoot 
ratio. While the leaf area increases 
due to high CP 2 concentrations, the 
time of flowering often gets affected 
differently in different plants. At 
higher CO? concentrations, partial 
closure of stomata which reduces 
transpiration, helps plants to grow 
normally under water-stress condi¬ 
tions. This phenomenon was observed 
by R. M. Gilford of Australia while 
working on wheat plants. The.most 
striking effect of increased CO 2 con¬ 
centration is on nitrogen fixation by 
soyabeans. R. W. Hardy and U. D. 
Havellka of Delware. USA. have 
observed that soyabeans, which nor¬ 
mally fix 25% nitrogen, fix five times 
as much nitrogen and are heavier and 
produce a higher yield of beans when 
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COj concentration is increased three 
times above the normal. However, 
much work still needs to be done to 
fully elaborate this phenomenon. 
This, however, points out that it may 
be possible to fix mdre nitrogen at 
high COj levels thereby reducing con¬ 
sumption of nitrogenous fertilisers. 

To scientists and planners, the rate 
of increase of photosynthesis does not 
sound interesting but increase in 
growth and dry matter (biomass) pro¬ 
duction seems profitable. Obviously, 
that should be, since it gives a ray of 
hope to produce more from the same 
land to meet the growing food 
demands. Increase in dry weight by 
C 02 doubling has been observed in 
case of soyabeans upto the tune of 
382%, whereas an increase of 66 % has 
been observed in sunflower In 
another study, it was found that at 
1000 ppm of CO?, soyabean showed 
the highest increase in dry weight 
(72%) followed by velvet leaf (52%), 
whereas itchgrass and corn showed a 
decrease of 19% and 13% respec¬ 
tively. These studies clearly indicate 
that there is not necessarily a close 
relationship between increase in dry 
weight and rate of photosynthesis 
More long-term research is needed to 
study the limiting factors when an 
excess of CO? is available. 

Growth and dry matter production 
IS not a direct function of the rate of 
photosynthesis. Instead, environmen¬ 
tal factors like water, mineral nutri¬ 
tion, temperature and light are equally 
important in determining the growth 
of plants Water and nitrogen are the 
two most significant limiting factors 
than CO? concentration Nitrogen 
deficiency limits the formation of new 
tissues and hence the demand for 
phptosynthesis: sulphur deficiency 
prevents plants from responding to a 
higher CO? concentration whereas 
water stress causes closure of sto¬ 
mata. which reduces the rate of pho¬ 
tosynthesis and the demand for CO? 
In view of these observations, there 
seems I ittle hope of deriving benefits at 
high CO? concentrations, because 
nitrogen end water often limit growth 
in most areas of the world. 

Apart from c^irrying out detailed 
experiments, it is necessary to deter¬ 
mine the responses and differences in 
the response of O 3 versus O 4 plants 


and determinate versus indetermi¬ 
nate plants to high COc Relative 
growth rates of responsive and non- 
responsive plant species have to be 
worked out to assess any changes in 
the ecosystems. In addition, long¬ 


term co-relation studies are impor¬ 
tant to know the effect of high Ctf 
concentrations and limiting factors. 

Sudhirendar Sharma 

School ol Environmental Sciences 
J.N.U, New Delhi-110067 


Methionine and itsmetabolism in man 


M ethionine isasuiphurcontam- 
mg amino acid essential for man 
and other mammals. Normally, twenty 
L-*^-amino acids are found to be 
present in all kinds of tissue proteins, 
peptide hormones, en^ymes, etc. But 
our body cannot synthesize ten 
amino acids including methionine. 
So, It originates from the food pro¬ 
teins which are digested to arnino 
acids m the gastrointestinal tract. The 
blood methionine arises from the 
intestinal absorption so as to main¬ 
tain the ammo acid pool. From this 
pool, each tissue takes methionine 
along with other amino acids in 
proper proportions to synthesize the 
kinds of proteins needed for growth 
and maintenance of body function 
Excess amino acids are deaminated 
in the liver to form the corresponding 
ketoacids and ammonia All the 
ketoacids are ultimately oxidized to 
carbon dioxide and water in the pro¬ 
cess of ATPformation In liver, ammo¬ 
nia IS converted to urea which is 
excreted. 

The human blood plasma level of 
methionine is 0.3mg-0.9mg/100ml 
Ingestion of protein in each meal 
increases the plasma concentration 
of ammo acids to maximum in60 min¬ 
utes It falls to norrnal within24 hours. 
But methionine is metabolized m a 
stow rate as is evidenced by the reten¬ 
tion of this ammo acid m the blood 
plasma many times above normal 
even .24 hours after its administration. 

Methionine is a mysterious amino 
acid because it is still unknown why 
this aminoacid is invited by the initiat¬ 
ing codon AUG of mRNA to inaugu¬ 
rate the process o' all kinds of protein 
synthesis As a result all the newly 
synthesized proteins have the methi¬ 


onine residue at their N-terminal end. 
Of course, here methionine does not 
enter as such, it is enzymatically 
formylated by N"'-formyltetrahydro- 
folate at its -amino group prior to 
incorporation at the N-terminal ei id of 
the protein to be synthesized. Besides 
its incorporation as the universal N- 
termmal amine acid, methionine may 
also be incorporated in other posi¬ 
tions of any kind of protein according 
to the direction of mRNA involved in 
the process of that protein synthesis. 
Another interesting metabolic feature 
of methionine is that after conversion 
to S-adenosylmethionme (SAM), the 
active methionine readily donates its 
methyl group to the biosynthesis of 
various methyl-containing compounds 
like adrenaline, anserine, melatonin, 
creatine, choline, ergosterol, glyco- 
cyamine, N-methylhistamine, N- 
methylnicotmamide, phosphatidyl¬ 
choline, sarcosme, etc The SAM is 
not only important as a methylating 
agent but is also a precursor of the 
poly,ammo spermidine. 

Altnough L-methionine isanessen- 
tial ammo acid m the diet of all 
animals, its requirement can be ful¬ 
filled by feeding, the corresponding 
ketoacid -4 -keto- v -methylthiobutyric 
acid which is ammated to L-methio¬ 
nine. The dietary requirement for L- 
methionine may also be met by 
feeding D-methionine which is trans¬ 
formed into L-form through the inter¬ 
mediate formation of the ketoacid. 
The biologicaiiy inactive D-methionine 
is converted to the biologicaiiy active 
L-methionine. Sometimes, the pres¬ 
ence of an amino acid in diet reduces 
the requirement for other. This 
known as sparing action. Cyst* 
when present in the diet decrer 
the need for methionine. 

* 
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In man methionine is metabolized 
in the liver after transamination 
with Y'ketoglijtaric acid to form*^- 
keto- -methylthiobutyric acid. It has 
been proved that only the S atom of 
methionine is utilized in the formation 
of cysteine, the rest of the cysteine 
molecule is derived from serine. The 
carbon chain of methionine molecule 
is then converted to homoserine 
which IS degraded to propionic acid 
through the intermediate formation of 
^ -ketobutyric acid. Propinyl-CoA 
formed from propionic acid iscarbox- 
ylated to methymalonyl-CoA. which 
is then isomerized to succinyl-CoA 
Being an intermediate of the tricar¬ 
boxylic acid (TCA) cycle, succinyl- 
CoA is oxidized there. Succinyl-GoA 
can also be utilized along with glycine 
in the formation of porphobilinogen. 
The head-to-tail condensation of four 
molecules of porphobilinogen yields 
protoporphirin nng of the blood hae¬ 
moglobin molecule. 

Patients with severe liver disease 
■fetor hepaticus' (as evidenced by the 
offensive smell of breath) excrete 
methyl mercaptan in their urine This 
substance is formed by the enzymatic 


Plant teratomas 


I N biological senses, man is a con¬ 
trolled animal Cells that consti- 
titute the body of a man impose the 
greatest form of control over him. But 
this is realised only when the cells do 
not function normally and exhibit 
cancerous growth or teratomas'. 
Considerable resources have been 
spent in trying to understand cancer 
because of its threatening nature 
'Plant Cancers' are definitely a valua¬ 
ble tool in this quest. 

The first systematic classification 
of plant teratomas was made in 1969 
by A.C. Braun of United States who is 
a pioneer in studies of abnormal 
growth in plants He grouped plant 
teratomas into two broad classes, 
(i) nonself-limiting (autonomous) ter- 
'• atomas which produce growth over 
which the host has no control, and (ii) 
self-limiting teratomas where tumors 
are controlled to a great extent by the 


hydrolysis of‘»C-keto- Y-methylthio- 
butyric acid derived from methionine. 

In addition, one of the structural 
units of proteins, methionine takes 
part in many important metabolic 
reactions. Its deficiency may cause 
imbalance in the whole metabolic 
system. Vegetable proteins are found 
to be very poor m methionine content. 
So, It should be supplemented in pure 
form in the diet of man for normal 
function of the body. Chemically syn¬ 
thesized racemic mixture (equimo- 
lecular amounts of D- and L-forms) of 
methionine as a dietary supplement is 
being used in the developed coun¬ 
tries like the USA and Japan Microor¬ 
ganisms can synthesize L-methioine 
starting from L-aspartic acid through 
a series of enzymatic reactions. There¬ 
fore. microbial production of L- 
methioine will be a great achievement 
to meet the dietary deficiency of this 
ammo acid among the people of 
underdeveloped countries 

Swapan K. Roy 
A|it K. Mishra 
Geeta Nanda 

Deptt. of Microbiology 
Bose Institute. Calcutta-700009 


host. Later, in 1978, Charles L. Wilson 
of United States proposed three 
major groups, (i) teratomas under 
host control, (ii) teratomas under 
pathogen control, and (iii) teratomas 
under foreign control. This seems to 
be the most functional grouping as 
these three classes focus on the 
nature of host-pathogen interaction. 
Teratomas under host control 
These teratomas appear as exagger- 
These teratomas appear as exagger¬ 
ated forms of normal growth such as 
fasciation, phylloidy, hairy root, etc. It 
IS self-limiting when undifferentiated 
tissues develop Certain insects and 
pathogens may initiate formation of 
teratomas, but even then a few of 
them are under host control. Others 
are induced genetically or by chemi¬ 
cal, physical and mechanical means 
The autonomous tumors under 
host control develop only when the 
host acquires certain new synthetic 
capabilities In non-tumorous plants 
the autonomous growth is suppressed 
possibly due to the loss of certain syn¬ 
thetic capabilities Acquisition of new 
synthetic capabilities leads to induc¬ 
tion of tumor 

Teratomas under pathogen control 

Teratomas such as nodules 




Fia.1. Phylloidy In MMmum Incited by a mycoplatme-llke organism (Left—healthy 
shoot; Midd/e A flight—infected shoots) 
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Fig.2. Root knot In tomato Incited by a 
nematode 


induced by Rhizobium, root-knots 
induced by nematodes, and a few 
galls induced by insects are under 
control of the pathogen In these 
cases, the pathogen dictates struc¬ 
ture and development of the tumor for 
Its own benefit The tumors stop 
growing when the need of the patho¬ 
gen IS satisfied The effect on the host 
may be beneficial (as in Rhizobium 
nodules) or destructive (as in nema¬ 
tode root-knots). That these tumors 
are under pathogen control is sup¬ 
ported by the facts that (i) if the path¬ 
ogen IS remove further organised 
development of teratomas, and 
(ill) organised structure which are deve¬ 
loped cannot be formed by the host 
alone. 

Teratomas under foreign control 

Certain teratomas are new orga¬ 
nisms' as they are synthesized with a 
new genome derived from the genomes 
of both the host and the pathogen. 
Such teratomas exhibit autonomous 
growth and are said to be under for¬ 
eign control. The notable examples in 
plants are crown gall and the wound 
tumor virus diseases. In these’cases 
extra chromosomal elements (ECEs) 
play a vital role. These ECEs are 
extracellular genetic elements (whether 
DNA or RNA) which control the for¬ 
mation of teratomas. ECEs includes 
all viruses, viroids, plasmid DNAs, 
transfer factors and insertion sequences 
Viruses are the classic examples of 
ECEs When the viral genes combine 
with host genes and the newly formed 
host virus genome is perpetuated 
through cell divisions, the teratoma is 
said to be under foreign genetic con¬ 
trol However, in case of plant terato¬ 
mas the nature of incorporation of 
ECEs into host chromosomes is still 
not understood 


Teratomas and cellular differentiation 

The knowledge _ of, how cells 
acquire autonomy may provide a vital 
clue about how cells control them¬ 
selves during differentiation. It is con¬ 
sidered by some workers that auto¬ 
nomous growth of teratomas is the 
reversion of embryonic growth in 
cells heading for differentiation. A 
gradual loss of certain metabolic 
capabilities seemS to be involved dur¬ 
ing differentiation. However, in the 
process of becomingautonomousthe 
ceils gradually acquire new metabolic 
capabilities. Possibly, genes for re¬ 
newed growth which are normally 
repressed in differentiated tissues are 
"turned on" in autonomous cells Dif¬ 
ferentiated ceJIs haye agreaterdepen- 
dence on exogenous sources of 
growth substance than autonomous 
teratomal cells This is speculated as 
the key to the control mechanism of 
differentiation operating in higher 
organisms. 

Differentiated animal tissues lack 
the ability to regenerate. Most of the 
animal diseases are due to the ineffi¬ 
ciency of cellular repair system. If the 
present knowledge reaches a stage 
where cellular differentiation follow¬ 
ing tne artificial induction of cancer 
can be controlled, it would usher in a 
new era in animal tissue and organ 
repair. With the help of a carcinogen 
regenerative growth could be artifi¬ 
cially initiated in non-regenerative 
tissues and by controlled differentla- 
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Flg.3. Qall on citrus shoot Incilsd by a 
virus 

tion the new cells may be induced to ;. 

yield desirable new tissues It would ,f 

indeed be a landmark in the history of 
mankind. Man would be in fuH control 
of his own cells! A splendid end of the 
cancer story that would be. 'j 

R.K. Khatnipal 

^iclentist (S-1) f 

Plant Pathology Section 
National Bureau of Plant Qenetic 
Resource 
(lARI Campus) 

New DelhM 10012 


Soil indicator plants 


P LANTS grow in a wide variety of 
habitats. This ability is achieved 
through development of certain mod¬ 
ifications in plants that suit best the 
surrounding. Failure to adapttoa new 
altered situation is reflected through 
certain phenotypically identifiable 
e-xpressions or symptoms. In other 
words, types and pattern of vegeta¬ 
tion of a locality indicate its environ¬ 
mental attributes. Of the several 
factors determining the prevailing 
environment, soil, the nutrient source 
of plants, is the most important. Plani 
nutrients occur in the soil both in dis¬ 


solved and Dound forms, only a tiny I 

fraction (less than 0.2%) of the nut- | 

rient supply is dissolved in water. 

Most of the remainder Is rich in ?! 
organic matter detritus, humus, and i; 
relatively insoluble organic compounds 
or incorporated minerals. On the ^ 

basis of mineral requirements some i 

essential elements, e.g., N, P, K, S, Ca, | 

Mg and ' Fe have been termed as I 

macronutrients (required in large | 

quantities) and a few others, viz., Mn, | 

in, Cu, Mo, B and Cl as micro- | 

nutrients (required in traces only). 1 

Besides, there are elements essential , I 
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only for cnrtain plant groups, like Na 
for Chenopodiaceae, Co for Faba- 
ceae with symbionts, Al for ferns, Si 
for diatoms and Au for Equisetum. 
Likewise, certain plants withstand the 
presence of heavy metals in higher 
concentrations, e g., some spp. of 
Silene to Zn, serpentine plants to Cr 
and Ni; many liverworts and mosses 
to Cu; Festuca sp to Pb and acido¬ 
philic grasses to Al, Some plant spe¬ 
cies can be of diagnostic value as they 
reveal the quality of substrate on 
which they grow and are called ‘soil 
indicator’ plants (F,E. Clements, 1920, 
Ecologist Division of Plant Biology, 
Carnegie Institution of Washington, 
USA). 

On the basis of soil reaction (pH), 
soils are classified as acidic, alkaline 
and saline, and corresponding indi¬ 
cators are known as acidic, alkaline 
and saline indicators or halophytes 
respectively 

Acid indicators 

Most soils in humid regions are 
either weakly acidic or neutral, but 
the bog soils are markedly acidic (pH, 

!'3.0). In very acidic soils, too much A'^ 

■ 'is liberated while Ca‘' Mg*’ poj' 

, 'and MoO"' are depleted, certain other 
I 'trace elements are fixed in relatively 
'insoluble compounds so that plants 
'are more poorly supplied with these 
'nutrients. Different species display 
characteristic tolerance limits in their 
‘physiological behaviour to soil pH 
'Most vascular plants are 'amphitoler- 
, 'ant' having broad optimum in the 
J'ange between pH 3 5-8 5, Some spe- 
'?:ies of Sphagnum (peat mbss) prefer 
'.^ery strong acid millieu and are found 
, n bogs. Sphagnum species are very 
.' ■sensitive to OH~ succumb even in 
heutral range, and are regarded as 
'strongly acidophilic' The grasses, 
Oeschampsia flexuosa, Calluna vul- 
! - jans, Sarothamusscoparis. also indi- 
, '.ators of acidic soils, develop optimally 
setween pH 4-5, but can also grow in 
leutral range and will tolerate 
veakly alkaline soils They are called 
icidophilic-basitolerant'. Pdytnchum. 
''Ahodomitnum and most species of 
j’inaceae, Ericaceae strongly decrease 
.'foil pH on which they grow. 

''Alkali indicators 

Alkali soils are those which have 
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enough Na or K to be injurious to 
glycophytes’ (non-halophytes) but, 
with negligible free salts and pH, are 
usually above 8 5 Such poorly drained 
soils may give basic reaction as a 
result ot either CaCCh or NazCOs In 
very alkali soils Ca*,' MgVK^Na^are 
liberated in large quantities; while 
Fe*' Mn*'’, ROj"' Si"'’’A l''and certain 
other trace elements are fixed in rela¬ 
tively insoluble compounds. Conse¬ 
quently plants are poorly supplied 
with these nutrients 

Various species of bacteria with an 
optimum tolerance toward the alka¬ 
line end of the scale are called ‘basi- 
philic' They are damaged if the pH 
falls below 6 0 Tussilago ferfare has 
an optimum between 7 0-8 5 alkaline 
range It can also grow in neutral soil 
and a good tolerance down to pH 4 It 
IS called basiphilic-acidotolerant’ 
Certain plants grow only on basic 
soils containing free CaCOs or on cir- 
cumneutral soils from which Ca has 
not yet been lost, they are known as 
calciphytes', e g , many bryophytes 
with tufaceous deposits of calcite 
[CaCOi)-Barbula gracilena, Bryum 
cellulate, Vesiculana montagnet. 
Asterella maculata. Fissidens taxiio- 
lium, Pellia endiviaefolia. Chiloscy- 
phus polyanthus, among angiosperms 
many members of Brassicaceae and 
Fabaceae Converse behayjour is 
shown by most Chenopodiaceae, 
Polygonaceae, Caryophyllaceae, Des- 
champsia flexuosa and peat moss 
They are hypersensitive toCa*'’and 
HCOs and are known as'Cf icitugous’ 
plants 

Saline indicators (Halophytes) 

Saline soils are those that have 
accumulated sufficient salts to inter¬ 
fere osmotically with the growth of 
non-halophytes (glycophyte) but are 
not highly basic in reaction. The pH is 
usually below 8.5 and a white crust of 
salt IS drawn to the surface during dry 
weather The degree of salinity is also 
reflected on the distribution of differ¬ 
ent species starting from chenopodi¬ 
aceae (weakly saline) to highly saline 
mangrove vegetation, eg., Rhizo- 
phora mucronata, Sonneratia alba, 
Avicennia sp. and Laguncularia raceosa, 
etc The following species are often 
observed growing in saline environ¬ 
ment: Allenrolfea occidentalis, Atri- 
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plex confertifolia, Capparis aphylla, 
Crissa vestita, Distichlis spicta, Kochia 
vestila, Salsola sp., Salicornia rubra, 
Sarcobatus vermiculatus, Sporobo- 
lus airoides and Suaeda sp. 

However, all these species grow 
even better in a non-saline environ¬ 
ment than in a saline one. The pres¬ 
ence of one or more of them is not 
necessarily an indication of salinity. 
Another clue to salinity is the absence 
of salt sensitive plant spp. Halophytes 
are classified in two major categories 
as follows 

(a) Acid halophytes. They contain 
much more equivalent anions Cfand 
SOS'than inorganiccationsKlindNaT 

(i) Chloride indicators: Chloride 
salinityof soilsenhancesgrowth in 
Salicornia herbaceae, S. euro- 
paea, Salsola turcom'anica, Haloc- 
nemum strobilaceum, Halidium 
caspicum, Kalidium caspicum, 
Halostachys belangeriana. 

(ii) Sulphate indicators: Anabasis 
aphylla, Salsola rigida, Karehnia 
caspia, Halimocnemis mollissima, 
Salsola dendroides, etc., can toler¬ 
ate extra sulphate concentrations. 

(b) Alkali halophytes. They contain 
more equivalent cations like K^and Na'* 
than inorganic anions Grand SO'T^ 
e g , Suaeda microphylla, Haloxylon 
aphyllum. Anabasis salsa and A. 
aphylla, etc 

Metallic indicators 

Some spp. of mosses and liverworts 
associated with copper bearing sub¬ 
strates are claimed to be indicators of 
sites of metallic enrichment and have 
earned the name copper messes. 
Copper mosses give geologists, min¬ 
ing engineers and prospectors a 
chance to look for new ore deposits. 
They have been used with success in 
locating copper deposits in Europe. 
New copper mines were discovered 
by noting localities of copper mosses 
from herbarium material eg., Mielich- 
hoferia elongate, M. miellchhofri, 
Scopelophila ligulata, Dryptodon 
atratus and liverworts like Gymnoco- 
lea acutiloba, Cephaloziella massa- 
longii. C. phyllacentha and Ma chantia 
alpestris. 

K.K. Sharma 
P.K. Jaiwal 

Botany Department 
Kurukshetra University 
Kurukshetra 
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Senna—a valuable medicinal 
crop of drylands 


S ENNA botanically known as Cass/a 
angustifolia Vahl (fafnily Caesal- 
piniaceae), a native of West Asia, is 
being cultivated mostly inTamil Nadu 
and to a smaller extent in Karnataka, 
Andhra Pradesh and Gujarat 'Senno- 
side’, a drug used as laxative, is 
extracted from its leaves and pods 
Sennosides are classified under stim¬ 
ulant cathartics and represent 44.24% 
of the total laxative category They 
are anthracene derivatives and are 
known as ‘dianthroglucosides.’ Almost 
75% of the senna produced in India is 
exported, the total export for 1978-79 
valued at Rs.20.08 million This 
amount is expected to go up further 
due to increasing demand for this 
medicinal plant in American and 
European countries and hence has a 
great potential as a foreign exchange 
earner'The current world demand is 
estimated at 10,000 tonnes of leaves 
and pods per annum 

The plant 

Senna is a drought hardy, deep 
rooted perennial and can survive hot 
summer and prolonged dry periods. It 
does not stand continuous rains and 
IS suitable for semi-arid and and 
lands. The plant is an erect shrub 
bearing bluish green leaves and 
bright yellow flowers (Fig 1). It starts 
flowering when 90 to 100 days old. 
The green pods on maturity turn 
brownish-black and contain 5 to 7 
seeds. Seeds exhibit hard seed coat 
and dormancy. Hence, seed germination 
cah be improved by rubbing seeds 
with coarse sand or by acid treatment. 

Cultivation 

The crop grows in a wide variety of 
soils such as red or alluvial loams, 
black or gravelly soils and latefite 
tracts. As a rainfed crop it is usually 
sown during October-November in 
South, seed rate being 20kg/ha-30 
kg/ha. While in North it can be grown 
after the harvest of rabi crops follow¬ 
ing pre-monsoon showers in June. 
Broadcasting is usually done, but 
sowing in rows of 30 cm apart is bet¬ 


ter as indicated by experimental 
trials. Normally, one or two intercul¬ 
ture operations are done. The crop is 
not manured generally, though the 
plant is reported to be responsive to 
nitrogen and phosphorus application 

Harvest and curing 

The first picking of leaves is done 
after three months from the date of 
sowing. Later pickings are usually 
taken at intervals of one month Three- 
to-five pickings of leaves can be taken 
and the pods are collected along with 
final pickings. The time of harvest is 
very critical with respect to sennoside 
content. Rains before harvest may 
reduce the active principle in leaves 
and pods. Pods are harvested before 
full maturity (when about 25 days old) 
for maximum sennoside content. 
After Jiarvest, leaves and pods are 
immediately dried in shade for 4 days 
and 10 days respectively. Sun drying 


lowers quality. Great care has to be 
taken to maintain the green colour of 
leaves. Poor attention to drying 
results in darkening of the produce 
colour and lowering its market value. 


In South, the yield of a rainfed crop 
on an average is about 5-6 quintals of 
leaves and 1-2 of pods per hectare; 
The average cost of cultivation 
reported is about Rs 500 to Rs. 600/ha. 
The margin of profit is attractive with 
the price level of Rs. 700 and Rs. 800 
per quintal of leaves and pods respec¬ 
tively Higher sennoside content in 
the produce fetches a higher price. 
Preliminary trials conducted at Jodh¬ 
pur yielded 1394 kg/ha of dry foliage 
and 894 kg/ha of pods under rainfed 
dessert conditions. An yield of 
1788 kg/ha of dry leaves was however 
reported under irrigated conditions in 
Gujarat. 



Yield and economics 
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Incidences of diseases and pests 
appear to be more common in North. 
Seedling damping off, die back, leaf 
blight and leaf spot diseases are ob¬ 
served. The caterpillar stage of a moth 
(P/er/s sp.) causes considerable 
damage to the young leaves reducing 
the yield. Thus fungicide and insecti¬ 
cide sprays may be required for con¬ 
trol. 

All India Coordinated (ICAR) trials 
of this plant at different locations in 


North have indicated a good scope for 
fitting this valuable export worthy crop 
on a commercial scale in the local 
cropping systems. There is need to 
develop various cultural practices, 
manuring, irrigation and plant protec¬ 
tion measures suitable to the local 
conditions. Breeding for high yielding 
and disease-resistant varieties should 
also be taken up. Attention should also 
be given to the post-harvest techno¬ 
logy of the produce and for standardi¬ 
sing the value of produce based on 
sennoside. Thus farmers have to take 


HINDU SCIENCE (Continuea rrom page 644) 


3. Datta, B. & Singh, A. N.. History of 
Hindu Mathematics, Asia Publica¬ 
tion House, New Delhi (1952). 

4. Bhishagratna, K. L., The Sushruta 
Samhita, The Chowkhamba Sans¬ 
krit Series Office, Varanasi (1963). 

5. The Caraka Samhita, Shree Gulab- 


kunverba Ayurvedic Society, Jam¬ 
nagar (1949). 

6. Pareti, L., History of Mankind: Cul¬ 
tural and scieniific Developments, 
UNESCO (1965). 

7 Roberts, J. M.,Historyofthe World, 
Hutchinson Publishing Group, 


efforts to extend the area under this 
crop and growing it with better atten¬ 
tion to improve yield and quality thereby 
earning good profit for themselves and 
valuable foreign exchange for the 
country. 


V.A. Amalral 

Scientist 
Divn. of Plant Studies 
C.A.Z.R.I. 
Jodhpur 
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Review Letters, SO (1983), 721. 

8 Wess, J. and Bagger, J., ‘Super- 
symmetry And Supergravity,' 
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FISH BREEDING (Continued from page 653) 


shells and the dead eggs are removed 
when the hatching is complete The 
hatchlings remain m outer hapa 
undisturbed till the 3rd day after 
hatching During this period, they 
subsist on the food stored up in their 
yolk sac. By the 3rd day, mouth is 
formed and the hatchlings begin 
directive movement and feeding. At 
this stage they are carefully collected 
from the outer hatching hapa and 
stocked into prepared nurseries 


Further reading 

1. Hoar. W S.. 1969, Reproduction, in 
Fish Physiology (Hoar, W. S and 
Randall, D. J.. Eds). Vol III. pp 1- 
72. Academic Press, New York 

2. Working papers of the FAO/UNDP 
Regional Seminar on Induced 
Breeding of Cultivated Fishes, July 
15 to August 18.1969 held at Cal¬ 
cutta, Cuttack and Bombay. 

3. Working papers of the Workshop 


on Induced Breeding (hypophysa- 
tion)of Carps, 22nd to 27th Febru¬ 
ary. 1971, held at CIFE, Bombay. 

4 Tripathi, S D and Bhimachar, B. 
S . 1972, Hypophysation of fishes 
with particular relerence to India, 
Directorate of Research Services, 
JNKV Vidyalaya, Jabalpur (M. P.). 

5- Chondar, S, L., 1980, Hypophysa¬ 
tion of Indian major carps, Satish 
Book Enterprise, Agra-3 


SCIENCE REPORTER 


864 


DECEMBER 1884 





PROSPECTUS 

Rs.lOl- 


The most sought after MATERIAL FOR 

I.I.T.-MEDICAL ( 1985 ) 


SM-IIT FILE Containing objective Questions, Numericals, 
Answers and suggested solutions: Rs. 350/- 
SM-QUESTION BANK 2500 Objective Questions, Answers and 
Reasoning of Important Questions; Rs. 275/- 


ENROLMENT NDW OPEN FOR 1986 
l.l.T./MEDICAL COURSES 

FEE EACH COURSE. Rs. 500/- (Above 85%) Rs 650/- (Above 80%) 

Rs. 750/- (Above 70%), Rs 850/- (LESS THAN 70%) 


%means aggregate percentage in X Exam. COURSE INCLUDES : Study Material 
in 4 instalments. Checking of Students' answer sheets. FREE Science Master 
upto June 1986-f- FREE Dictionaries of Physics,Chemistry,Biology/Mathematics 
-I- Directory of Medical Colleges/Engineering Colleges 
Remit Fees with two passport sized photographs and one photocopy of marksheet ofX Exam 



Science Jiasteir 


Correspondence Courses 


B-9, Rattan Jyoti, 18, Rajandra Place. New Oelhi-110008. Tele : 5712137. 


CAREER'S COMPETITION BOOKS 


1985 

Editions 


Carccr’i Guid<* wtth LATEST Solved Papen - 


1 I T. Entrance Exam. ^1Uh Ed) 60.00 

, Roorkae Univatsitv Ent Exam {11th Ed) 60.00 
Engineering Colleoes Ent. Exam. (6(/i Ed) 56.00 
, Medical Coilegee Ent Exam (Obiectiva) 60.00 
. S C.R A. Entrance Exam {11th Ed) 50.00 

. N.TS.E X Entrance Exam 27.50 

. N.T.S.E.XI - Xil {Science Gioup) Fxam 45.00 
, N.D.A Entrance Exam {10th Ed) 37 60 

. Combined Defence Services' Exam 
{9th Ed.) 46.00 

. Dhanbad Mines Schooi Entrance Exam 50.00 

. Air Force Recruitment Test 20.00 

. Sainik School Entrance Exam 25.00 

. Indian Navy Exam 20 00 

. Rajendra {Duffenn) Ent. Exam ( 11th Ed) 46 00 

. Previous Question Papers for Roorkae. 
Engineering, Medical, S.C RAC D.S , 

NDA {Emrence) etc. each 15 00 

. Objective Physics {Or. J Anend) 15 00 

. Objective Chemistry (D P S ftekhi) 15.00 
. Objective Biology {ft Mishre) 22 50 

. Objective Essential: English. Physics, 
Chemistry, Biology, Mathematics, 


21. 

Objective General Science 

6 50 

22. 

Model Solution to 1 1 T Entrance 
Exams {ful/y Solved Papefs) 

26.00 


READ EVERY MONTH 

Competition 

^EFRESIKR 


Arithmetic 

0. Every Day Science 


each 7 50 
13 60. 


TOR ■nufRHT CXTTETTTS 
Rs 2.50 


OTHER EXAMINATIONS 

*1. Assistants' Grade Exam 
•2 Inspectors’ of Income Tax & 
Central Excise Exams. 

•3 S S C Auditors'/Juninr 
.Accountants* Exam. 

4 Bank Agricultural Officers' Exam. 

6 Bank Probationary Officers' Exam. 
*6 Bank Recruitment Ex»m 
*7. Railway Service Commission Exam. 


8 

C A Entrance Exam 

37 50 

9 

Indian Airlines Exam 

40 00 

10 

Indian Forest Seivice Exam. 

37.60 

11 

L I C /G LC Officers' Exam. 

32 00 

•12 

S S C. Clerks' Grade Exam. 

20 00 

13 

Obiectiva English 

10 00 

•14 

G K Hand Book 

8 00 

•15 

General Knowledge Refresher 

13 SO 

16. Unique Letter Wnling 

12.00 

17 

Reasoning Tests 

4.76 

18 

Idioms & Phrases 

12 60 

19 

You & Your 1 Q 

12 60 

•20 

Objective Arithmetic 

'16.00 



DIRECTORY OF ENGINEERING COLLEGES 
IN INDIA RS 7 60 DIRECTORY OF ■ 
I ■ MEDICAL COLLEGES IN INDIA RS 7 60 | 

-I 2 (Everything you want to known about ■ 

37 50 S Cometitions ft Careers) DIRECTORY OF J 
_ B COMPETITIVE EXAMS IN INDIA RS 7 60 j 

^NDI KDITIONS AUSO AVAILABLE 

For V P P orders remit Rs. 10/- as advance 
by money order/postal order 
For "FREE” complete Catalogue of OUR 
PUBLICATIONS and lor ORDERS write to : 


■b-rtght inj-titute 

Publishers of INDIA’S LARGEST SELLING Competition Books 
1525, NAI SARAK, DELHI-110 006 ( ESTD. 1968) 


DECEMBER 1984 


IS 


SCIENCE REPORTER 























NEWS & NOTES 


Nobel Prizes—1984 

Physics 

HE 1984 Nobc'l F’nzp in Physics 
has been jointly awarded to two 
experimental ptiysicists. Prof tarlo 
Rubbia of Harvard University. Cam¬ 
bridge, USA and Simon Van der Meer 
of the CERN, Geneva. Switzerland, 
for detection in 1983 of tfic massive VI/* 
W’^’and Z“ vector bosons, (.ollectively 
known as 'Weakens' n1 the CERN's 
super proton-anliprutori collider laci 
lity CERN IS an acronym for Europe's 
prestigious and versatile particle 
accelerator center. European Organi¬ 
zation for Nuclear Research The dis¬ 
covery of W* (charged) and Z' 
(neutral) bosons (masses ranging 80 
GeV-95 GoV as against proton'sO 931 
GeV) as coiners ol the unified 
electro-weak force is apparently a 
conclusive evidence (or the correct 
ness of the well-known Weinberg- 
Glastiow-Salarn gauge theory that 
uriit(-s electromagnetic and weak 
interactions into a single fotce 
Although tlie gauge theory (now well 
established as the so called standard 
model' of tfie electroweak interac¬ 
tion) predicted the existence of vector 
boson intermediates as early as 1967. 
their large masses eluded detection at 
the world's most powerful accelera¬ 
tors at CERN Biook.haven. Standard 
Linear Accelerator Centie. Fermilab. 
etc 

The Nobel Prize citation honoured 
Prof Rubhia for speai heading a large 
project .for conveis'on of CERN's 
giant 400 GeV Super Proton-Synchro¬ 
tron (SPS) into a collidei in which a 


270 GeV proton beam from the syn¬ 
chrotron IS made to collide (several 
thousand times a second) with bunches 
of 270 GeV antiprotons. The collision 
leads to the rare events in which a W' 
or Z'- particle is created. Prof. Van der 
Meer, an accelerator physicist, is 
given the credit for development of 
'stochastic cooling' method for bun¬ 
ching monoenergetic beams of anti- 
protons reguired tor the collider. 

Carlo Rubbia was born in 1934 in 
the famous town of Pisa, Italy After 
early education there he joined 
the faculty of the University of Rome 
III 1960 During 1967-70 fie worked as 
a senior experimental physicist at 
CERN and then at Harvard as Profes¬ 
sor of Physics Since 1976 he has 
associated himself again with CERN 
and now divides his time between the 
two places Prof Simon Van der Meer, 
who hails from the Netherlands, was 
born in 1925 in tne small Dutch town 
Guelph near The Hague After his early 
education as mechanical engineer at 
the University of Guelph, he joined 
CERN in 1956 At CERN he special¬ 
ized himself as an accelerator techni¬ 
cian 

The decision to build colliders had 
an interesting origin In principle it is 
possible that in conventional particle 
accelerators, W or Z particles can be 
created like any other exotic sub¬ 
atomic particle (hadrons and heavy 






e'lg. 1. Dlagrani ol CERN Proton (p) and 
anilproton (|>) collider aaaembly 
(Courlaty : CERN, Geneva, Switzerland) 


mesons) in high energy collisions 
against a fixed target However, a 
major part of the energy released in 
the collision is wasted away as kinetic 
energy of myriads of other debris par¬ 
ticles leaving aside only a small por¬ 
tion (or the generation of exotic parti¬ 
cles. Thus only particles not heavier 



Van dar Moor (ta«). Carto RubWa (RIbW) (Courtaay .CERN. Oenawa. Swttzartand) 



than upsilon v particle (lOGeV) 
can be created in such collisions in a 
conventional accelerator. Alternatively." 
in a head-on-collision as in a collider, 
since both the particles are moment¬ 
arily brought to rest, much greater 
energy is available for the creation of 
exotic particles. Furthermore, when a 
colliding particle, say a proton (p), 
meets an antiproton (p), they annihi¬ 
late each other and bulk of the liber¬ 
ated energy is available, in principle, 
for the creation of W or Z bosons (80- 
OSGeV) But, in practice, only a few 
(5-20) W-events occur as against 
debris of other hadrons, mesons, lep¬ 
tons and neutrinos. Prof. Rubbia's 
calculations indicated a ‘resonance' 
effect with the probability of vector 
boson generation reaching a peak when 
proton/antiproton beam energy was 
270Ge\/each This was. of course, too 
much for the existing particle acceler¬ 
ators. But it could be easily achieved 
in ap-collider, wherein a circulating 
proton beam in a magnetic field is 
made to meet an antiproton beam at a 
desired point 

For a meaningful detection of W- 
events. it is necessary to ensure an 
adequate number of colliding protons 
and antiprotons, (at least 1 billion!) 
and as the collision probability is 
' small (1 in 1000), adequate'bunching' 
of antiprotons is needed Unfortu¬ 
nately. antiprotons do not occur in 
nature like protons. Again, when anti- 
protons are liberated through protons 
impinging against a fixed metallic 
target, only 2-3 antiprotons are gener¬ 
ated for millions of collisions, so that 
they must be first accumulated and 
stacked for bunching. Furthermore, 
the antiprotons have a large velocity 
spread like random motion in a gas, 
which must somehow be precooled’ 
prior to injection as 'monoenergetic 
beam’ to collide with proton beams m 
the SPS-collider. 

For the colliding experiments at 
CERN, proton/antiproton beams are 
made to traverse a sequence of 
coupled beam manipulatory devices 
First, a beam of 26 GeV protons from 
CERN Proton-Synchrotron (PS) ring 
(bottom right m Fig.1) is directed 
against a copper target to generate 
low energy (S.SGeV) antiprotons 
which are magnetically transferred to 
a wide aperture tubular ring called 


antiproton accumulator (AA) Then, 
the antiprotons are precooled by sto¬ 
chastic method and passed on to a 
slightly smaller orbit, and finally 
stacked in the accumulator with the 
previous bunch After a lew hundred 
billion antiprotons are bunched (a 
process that takes around 24 hr), they 
are again sent back to PS for acceler¬ 
ation into 26GeV antiproton beams 
The beam is then injected into the 
rino of the400 GeV Super Proton Syn¬ 
chrotron (SPS) wherein simultane¬ 
ously protons (26GeV) from PS too 
are injected into the SPS albeit in a 
'counter-rotating' sense (the two 
beams circulate in slightly ecentric 
orbits) The beams are then acceler¬ 
ated to the desired resonating energy 
of 270 GeV, and, through electromag¬ 
netic couplers made to collide head- 
on at preset locations (wherein the 
particle detector chambers UAI^and 
UA 2 are placed) in the SPS ring. 

More than a billion proton-antipro- 
ton collisions have been recorded at 
CERN out of which only a handful 
(about a hundred) have survived the 
painstaking data analysis designed to 
discard all but a special kind of event 
in whcih ttie W or Z" is created (plus 
hadrons) which then decays into lep¬ 
tons and a neutrino. 


R. Sambasivan 

Editor 

J. So. and industr. Res. 
Publications and Information 
Directorate (CSIR) 
New Delhi-110012 


Chemistry 

The 1984 Nobel Prize in Chemistry 
has been awarded to R B, Merrifield, 
Professor of Biochemistry at the 
Rockefeller University, USA He gets 
the award for his pioneering researches 
in the field of solid phase peptide syn¬ 
thesis and in the study of the relation¬ 
ship between structure and function 
in biologically active synthetic pep¬ 
tides and proteins. 

Nearly two decades ago, in the 
early ‘60s, Merrifield put forward the 
idea, of synthesizing peptide chains 
on a polymer support His technique 
involved the stepwise attachment of 
the carbonyl part of the C-terminal 



R.B. Mcrrlliaio 


ammo acid to a polymeric resin parti- ’ 
cle by a covalent bond The succeed- > 
ing ammo acids (N-terminal protected) , 
were added one at a time in a stepwise < 
manner At the end of each step, a , 
protected peptide sequence with one 
amino acid moiety more than the pre- y 
vious step remained attached to the .'i, 
resin This series of reactions was % 
repeated till the desired amino acid 
sequence was obtained Simple filter- 
ation and washing removed excess 
reagents and byproducts The com- 
plete synthesised peptide was freed 
from the polymer support by using ,, 
appropriate cleaving agent and puri- 
tied by well known purification 
methods such as electrophoresis, ion 
exchange chromatography, counter ;; 
current distribution or any other suit- ' 
able method for peptide purification. \ 

Merntield's method proved to be a 
very efficient one for the synthesis of 
peptides with 4-10 amino acids. Mer- | 
rifield himself demonstrated this by 
synthesizing bradykinin, a 9-amino jJi 
acid peptide hormone, in just 8 days ^ 
(see box). This elegant synthesis. 
now named after him, was later 
extended to peptides with more than 
10 ammo acids also. The solid phase f 
synthesis method has been later used I 
to synthesize human insulin also. As if 
the Royal Swedish Academy of Scien-; 
ces observed “Merrifield’s methodj 
has greatly stimulated progress in 
biochemistry, molecular biology,! 
pharmacology, and medicine. It is 
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Solid phaM paptida aynthaaia 

Professor Merrifield first demon¬ 
strated the feasibility of his ingenious 
method by synthesizing a tetrapep- 
tide (L-leucyl-L-alanylglycyl-L-valine). 
A nitrated and chloromethylated cop¬ 
olymer of styrene and divinylbenzene 
was treated with the triethylammo- 
nium salt of the C-terminal amino 
acid in the proposed polypeptide 
sequence to give the stable covalent 
benzyl ester linkage. This bond held 
the growing peptide chain in the solid 
phase on the support resin. The car- 
bobenzoxy group protecting the 
reactive basic part of the C-terminal 
amino acid was removed in the next 


step by HBr in glacial acetic acid. 
Treatment with the next protected 
amino acid lengthened the peptide 
Cham by one amino acid residue. This 
sequence of deprotecting and cou¬ 
pling reactions completed one cycle. 
Repetition of this cycle with approp¬ 
riate carbobenzoxyamino acids yiel¬ 
ded the completed protected peptides 
which were decarbobenzoxylated by 
HBr and the peptide chains freed 
from the resin by saponification. The 
newly synthesized peptides were 
then purified by a suitable peptide 
purification method. 

S.N.V. 


also of practical importance, both for 
the development of new drugs and for 
gene technology”. 

Robert Bruce Merrifield was born at 
Fort Worth in Texas, USA, on July 15, 
1921. He graduated from the Univer¬ 
sity of California, Los Angeles (UCLA) 
' in 1943. He then joined the Philip R. 
) Park Research Foundation as a 
; chemist. Soon he received a 
' Teaching Assistantship from the 
' chemistry department of UCLA. 
^ Merrifield retained this for the next 
' three years, but later, moved on to the 

- Medical School of UCLA where a 
' Research Assistantship in chemistry 
■ was offered to him. He stayed there 
•for a brief period only (1948-49) In 
^1949, Merrified received his Ph.D in 
^ Chemistry. In the same year he was 
' awarded an Assistantship in 

- Biochemistry at the Rockefeller 
'University which he accepted. 
'Merrifield became an Associate in 
® 1953 and Assistant Professor in 1957. 
^In 1966 he was made Professor of 
^Biochemistry at the same University, 
'a post which he retains even today. 

7 A member of the National Academy 
' of Sciences, USA, Merrifield has held 
’positions of Nobel Guest Professor, 
' Uppsala University (1966) and Asso- 
'':iate Editor of International Journal 
Peptide and Protein Research 
^ ;i969). He has been \he recipient of 
^'“nany awards—including the Lasker 
I^Nward for Basic Medical Research 
1969), Gairdner Award (1970), Intra- 
Science Award (1970), Award for 
• Creative Work in Synthetic Organic 
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Chemistry from the American Chemi¬ 
cal Society (1972), and Nicholal 
Medal (1973). 

S.N. Venkataramanan 


Medicine 

The Nobel Prize in Physiology or 
Medicine for 1984 has been awarded 
jointly to three immunologists —Niels 
Kai Jerne of the Basel Institute for 
Immunology, in Switzerland, Cesar 
Milstein of the Medical Research 
Council Laboratory m Cambridge, 
England, and Georges Kohler, also of 
the Basel Institute 

Seventythree year old, Danish born 
Jerne is a theoretician who iscredited 
with developing two very important 
concepts in immunology, namely, 
that of self-tolerance and of cell net¬ 
works. The whole science of immu¬ 
nology IS based on the fact that the 
body reacts and produces antibodies 
only against ‘foreign' substances but 
not against itself. Scientists had long 
puzzled as to how the body was able 
to recognise the foreign from the 
host. Jerne's selection, or self-to'^ 
ranee, theory provided the answer 
He postulated that during very early 
development of the embryo, lympho¬ 
cytes which reacted to ‘self’ mole¬ 
cules are eliminated so that no more 
of them are produced in later life This 
Idea was first put forth by Jerne in 



Cesar Milstein 


1955, in his paper “Natural selection 
theory of antibody formation." Later, 
in 1963, he developed the ‘hemolylic 
plaque technique’ for detection and 
quantification of extremely small 
amounts of antibodies secreted by 
single cells The ‘network theory’ of 
the immune system which Jerne pro¬ 
posed in 1974 envisages a mechan- 
sim by which excessive production of 
lymphocytes in response to an anti¬ 
gen IS prevented Unrestricted pro¬ 
duction of lymphocytes is known to 
lead to malignancy. Jerne postulated 
that there are certain cells in the body 
which produce antibodies against a 
wide range of other antibodies lead¬ 
ing to a network of cells which pre¬ 
vent any runaway proliferation of 
lymphocytes 

The contributions of Milstein and 
Kohler are mainly in the field of ‘hybri- 
doma technology' which has opened 
up immense possibilities in the large- 
scale production of antibodies for a 
variety of applications. 57-year old 
Argentinian born Milstein, who now 
heads the proteins and nucleic acids 
chemistry division of the Medical 
Research Council Laboratory of Mole¬ 
cular Biology at Cambridge, started 
his researches in immunology in 1963 
soon after he came back to Cam¬ 
bridge from Buenos Aires. His work 
has been primarily concerned with 
the genetic ri^gulation of the biosyn¬ 
thesis of immunoglobulin in malig¬ 
nant tumors of bone marrow known 
as myelomas It was known earlier 
that myelomas cells secreted anti¬ 
body. But It was almost impossible to 
identify the antigen that led to their 
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production because of the difficulty 
in getting the specific antibody in suf¬ 
ficient quantity 

The solution was found in 1975, 
soon after 37-year old West German, 
Kohler joined Milstein's group m 
Cambridge They wpre able to pro¬ 
duce in the laboratory a somatic 
hybrid by the fusion of antibody pro¬ 
ducing lymphocyte cells from immu¬ 
nized mouse and myeloma cells. The 
new hybrid cells, which acquired the 
antibody producing capability of lym- 
hocytes and the unlimited growth 
characteristic of myeloma cells, was 
named hybridoma’ The importance 
of the technique lies m the fact that for 


the first time it was possible togrow m 
culture almost in limitless quantities 
cell strains capable of producing any 
specific antibody against a single 
antigen Monoclonal antibodies pro¬ 
duced by the hybndoma technique 
have already revolutionised medical 
diagnostic methods They are today 
used in laboratories and hospitals 
around the world toinvestigateawide 
range of ailments, including infec¬ 
tious diseases, autoimmune disorders, 
and cancer For the future they hold 
many promises, including a vaccine 
against malaria and a cure for 
leukemia 

Biman Basu 


Obituary 


P. A. M. Dirac 


I N 1928, a 26-year old Englishman 
published a paper in the Proceed¬ 
ings of the Royal Society. It sug¬ 
gested in some amazing ways a 
symmetrical solution of quantum 
mechanical wave function under the 
special relativistic conditions. When 
the theoretical model was applied to 


electrons, the outcome was puzzling 
Its solutions led to four different 
states of the electron. Two of them 
were positive energy solutions and 
were shown to be the exact descrip¬ 
tions of two spin states of the electron 
resolved earlier by Wolfgang Pauli of 
Germany. The other two states were 


-NEWS AND NOTES 

negative energy solutions. When 
reformulated they became positive 
energy descriptions of entities with 
opposite electric charges of the same 
magnitude as that of electron. Some 
physicists thought them as describ¬ 
ing the proton, but dynamical behav¬ 
iours depicted by the model could not 
fit with those of the proton. Within two 
years, in 1932, Andersonand his team 
m the US discovered the new particle 
which was called anti-electron or 
positron. Soon afterwards, Robert 
Oppenhoimer (later famous as the 
progenitor of the atom bomb) mathe¬ 
matically showed that the positrons 
were nothing but the particies repres¬ 
ented by the negative solutions of the 
1928 paper in Proc. Royal Soc. of the 
young Englishman. As all students of 
physics now know, the young Eng¬ 
lishman, probably the most brilliant of 
the new generation of mathematical 
physicists of that period besides Pauli 
and Fermi, was Paul Adrien Maurice 


Diiac was born on 8th August 1902 
in Bristol, England He graudatec ; 
from Bristol University in 1921 anc , 
went on to join Cambridge University , 
Soon he was seen m the select grouf 
of young theoretical physicists a ' 
Gottingen in Germany. There as ' 
sembled under eminent physicist; , 
like Max Born. Felix Klein and other; 
were almost all the future stalwarts o 
theoretical physics such as Wigner 
Gamow, Oppenheimer, Heisenberg 
Jordan. Pauli and others Returnim 
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Dack to Cambridge, Dirac became an 
institution by himself. He got his 
Ph.D. from Cambridge in 1926. 

Before Dirac, there had been sev¬ 
eral attempts to combine the two fun¬ 
damental deveippmentsof the special 
theory of relativity and the old quan¬ 
tum theory into a single coherent the¬ 
ory, but without any success. The 
reason was simple. Lorentz transfor¬ 
mations of the special relativity make' 
the equations both space and time- 
symmetric, whereas the quantum 
mechanical description has symmet¬ 
ric space parameters and asymmetric 
time parameter. Dirac’s theory was 
modelled in such a way that the wave 
equation was linearised and the result 
was both space and time-symmetric 
fulfilling the conditions of Lorentz 
transformations. 

The results were more spectacular 
than predicting the existence of posi¬ 
trons. Dirac applied the model to the 
behaviour of electrons in hydrogen 
atom. The precise measurements of 
Uhlenbeck and Goudsmit and of 
Hertz and Frank which disagreed with 
the results calculated on the basis of 
earlier models, fitted exactly by Dir¬ 
ac's calculations. 

In 1926, Dirac derived the equa¬ 
tions of the Fermi statistics from 
quantum mechanics by a completely 
different approach and probably 
independent of Fermi's paper. Hence 
the name Fermi-Dirac Statistics. It 
was Dirac who suggested the names 
Boson and Fermion for particles 
obeying Bose-Einstein and Fermi- 
Dirac stastistics respectively. His 
other works include a correct theory 
I of matter-radiation interaction and a 
I theory of magnetic monopoles. His 
later works were on general realtivity 
; and gravitation where he suggested, 

I like Qamow, variability of the gravita- 
I tlonai constant G. 

Dirac was awarded the Nobel Prize 
for Physics in 1933 along with Erwin 
Schrodinger, the discoverer of wave 
I mechanics. He was made a Professor 
and occupied the prestigious Lucas- 
sian Chair of Mathematics at Cam- 
j bridge at the young age of 30. He 
travelled extensively and was visiting 
professor at many universities includ- 
' ing Michigan in 1929and Princeton in 
I 1931. In 1972. on his 70th birthday, 
rj scientists from all over the world 


assembled in Rome to pay tribute to 
him. A large felicitation volume that 
was published on the occasion pro¬ 
vides an overview of the spectacular 
range of Dirac's contributions to 
twentieth century physics. 

There are many interesting stories 
about Dirac which reflects upon his 
gentle personality. Once, when some 
of his Gottingen friends visited his 
home in the early thirties, his wife 
(sister of the famous physicist Wigner) 
who was also there, went inside 
before being introduced to the vis¬ 
itors. One of Dirac’s friends thought 
he had seen the lady earlier (which 
was certainly possible) and asked his 
host who the lady was. Dirac replied, 
"She is my. I mean. Wigner’s sis¬ 

ter." Modest Dirac considered Wigner 
more famous as a physicist than 
himself 


T he Sixth All India Congress of 
Zoology sponsored by the Zoo¬ 
logical Society of India was held at 
Gwalior under the auspices of the 
Jiwaji University from 19 to 22 
October 1984. Presiding over the 
inaugural function. Dr. P.N. Srivas- 
tava. Vice-Chancellor, Jawaharlal 
Nehru University, underlined the 
need for reorienting Zoology courses 
in Indian Universities if our scientists 
are to keep pace with the tremendous 
rate at which scientific research is 
progressing in advanced countries. 
Dr.K.K. Tiviari, Vice-Chancellor, Jiwaji 
University and General President of 
the Congress of Zoology, stressed 
the need of organised research and 
the role of scientific societies in the 
same. The congress felicitated Dr. 
Birendra Singh Chauhan, Member 
State Planning Board, Madhyji pra- 
desh and a very senior activezoologist 
of India. The following gold medals of 
the Society were awarded; All India 
Congress of Zoology medal to Dr. 
B.K. Tikader, Director, Zoological 
Survey of India for research contribu¬ 
tions in arachnology: DR.B.S. ChaU- 
han medal to Dr.H.KhaJuriaformerly 


Dirac visited Calcutta during the 
early sixties and spent his evenings 
with Prof. Satyen Bose. On one occa¬ 
sion, Bose was to drive Dirac and his 
wife home in his own car. Bose took to 
the wheels with Prof, and Lady Dirac 
in the back seat of the car. But before 
driving off Bose invited several of his 
students also to join in and asked 
them all to occupy the front seat. 
When Dirac pointed out that there 
was enough space in the back seat, 
Bose remarked “We believe in Bose 
Satistics." Dirac at once started 
explaining to his wife that in Bose- 
Einstei n Statistics particles are allowed 
to crowd together while in Fermi- 
Dirac Statistics at the most only two 
particles can be allowed'tooether! 

Subir K. Sen 
Calcutta 


Deputy Director, Zoological Survey 
of India for researches on Chiroptera 
and Primates of India; Dr.G.D. Bhale- 
rao memorial medal went to Dr.G. 
Mazumdar, Professor of Zoology, 
Burdwan University, Burdwan and 
Dr.N.K. Sukul, Reader, Department of 
Life Sciences, Visvabharati Univer¬ 
sity, Santiniketan, for contributions to 
the field of nematology. Fourteen 
zoologists were admitted to the Fel¬ 
lowship of the Society. 

In the four-day session of the Con¬ 
gress, 361 scientific papers were 
presented in 16 different sections. 
Dr.P.V. Dehadrai, Fisheries Adviser to 
the Governmerft of India, in a special 
lecture dwelt upon brackish water 
aquaculture in different parts of the 
world and Dr.P.J. Deoras gave an 
illustrated lecture on environmental 
pollution. The Zoological Survey of 
India held an exhibition of its recent 
publications on the occasion. 

B.K. Behura 

President 
Zoological Society of India 
Bhubaneswar-751001 
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Heating supports radio¬ 
therapy of tumours 


T he use of hyperthermia, either 
alone or in combination with radia¬ 
tions or chemicals, in cancer therapy 
has been suggested at regular inter¬ 
vals over the years, but has never in 
the past found a permanent place in 
the management of cancer. The cura¬ 
tive effect of heat on cancer patients 
was discovered in the 19th century, 
when toxin induced high fever resulted 
in the regression of malignant tum¬ 
ours. Fever therapy of cancer was 
suggested in 1891. when Coley noted 
that regression of an inoperable 
‘round cell carcinoma’ of the neck 
was associated with a febrile bout of 
erysipelas. At this stage it was not 
clear whether the shrinkage of the 
tumour was due to fever or due to a 
direct effect of the bacterial toxins. 
The advantage of combining heat 
with radiation was realised in the 
early 20th century when Muller (1910) 
reported complete regression of ad¬ 
vanced tumours in 1/3rd the patients 
treated (32 out of 100) and rapid but 
temporary improvement in another 
1/3rd. Currently, a lot of attention is 
being concentrated on this treatment 
modality, the most recent revival of 
interest being based partly on docu¬ 
mented evidence of tumour regres¬ 
sion and partly on encouraging 
results from extensive laboratory 
experiments with both in vitro (cul¬ 
ture) and in vivo systems. 

At the clinical level, application of 
hyperthermia to the treatment of 
cancer can be divided into two broad 
categories, viz., whole body systemic 
hyperthermia and localized hyper¬ 


thermia. Whole-body hyperthermia is 
employed to arrest widespread malig¬ 
nant disease, metastases and the 
primary tumour by a fewdegrees total 
body temperature elevation. This can 
be achieved by the immersion of the 
patient in a water bath or wax bath. 
However, the method of using a water 
bath has certain disadvantages, one 
of the most important being the dis¬ 
comfort caused to the patient, in addi¬ 
tion to the loss of fluid and electrolytes. 
The latter problem can be solved, to 
some extent, by employing a wax 
bath instead of a water bath. In 
patients with advanced and wides¬ 
pread malignancies, applying sys¬ 
temic hyperthermia by making the 
patients breathe oxygen-enriched hot 
air while being immersed in a wax 
bath, Pettigrew (1974) in Scotland, 
reported tumour regression and sig¬ 
nificant palliation in most cases, 
though no long-term cure could be 
obtained. 

Local heating appears to be a more 
acceptable and convenient method 
for confined tumours, especially of 
the surface. Several methods using 
water bath, microwave, ultrasound 
and heating induced through elec¬ 
trodes, etc., are being tried in differ¬ 
ent laboratories to achieve controlled 
high temperatures. Water bath heat¬ 
ing may be feasible only for tumours 
of the extremities. For deep-seated 
growths other methods of heating 
have to be used. The main problem in 
these cases is the controi of tempera¬ 
ture so that uniform heating of the 
tissue without overheating of the sur¬ 
rounding normal areas can be achieved. 
So far, the best method conceived is 
that of microwave heating combined 
with deep-penetrating X- or gamma 
rays. The photon beams (X- and 
gamma rays) will ensure uniform irra¬ 
diation of the malignant tissues. At 
present several centres in USA, Japan 
and many European countries are 
using microwave hyperthermia along 
with radiation for cancer treatment. 

Improved rates of tumour control 
and cure have been reported consist¬ 
ently by investigators by using hyper¬ 
thermia with radiotherapy. However, 
there is r^o clear evidence to show that 
tumour cells are inherently more heat 
sensitive than normal cells. But cer¬ 
tain conditions, both physioiogical 


and environmental, make the former 
more susceptible to heat killing. 

Hypoxic ceils are approximately 
three times more radioresistant than 
oxygenated cells, and the relative 
abundance of hypoxic cells within a 
tumour is a major factor determining 
the radiation necessary for tumour 
control. Hypoxic cells have been 
shown to be more heat sensitive.than 
normoxic cells. Thus by combining 
radiation with heat the cells which 
escape radiation death can be dealt 
with. As the number of hypoxic cells 
increases with the size of the tumour, 
combination therapy has a definite 
advantage over radiotherapy alone. 
This will also help in reducing the 
radiation dose needed to destroy the 
tumour, which in the absence of heat, 
would be prohibitively high. 

The differential sensitization of the 
tumours is further influenced by its 
nature of blood supply. It has been 
found that in vivo the tumour micro¬ 
environment potentiates hyperther¬ 
mia killing, which is due to a basic 
difference in the blood supply, in the 
tumour tissue blood supply is slug¬ 
gish and vasculature primitive. There¬ 
fore, heat dissipation is poor, which 
leads to higher temperature in the 
tumour centre. This becomes more 
pronounced as the tumour volume 
increases. 

The heat sensitivity is also affected 
by the cell cycle. The S-phase which 
IS most, radioresistant is also the 
most heat sensitive. This complemen¬ 
tary relationship between hyperther¬ 
mia and radiation permits the use of 
reduced doses of radiation for tumour 
control with a decreasing possibility 
of unacceptable normal tissue dam¬ 
age. Further, heat treatment results in 
a bl.ock of the cells at the Os phase 
(Gij’block), thus synchronizing the 
cells and accumulating them at a 
more radiosensitive stage. This can 
produce a synergistic effect of heat 
and radiation. 

Cells in an acidic environment are 
shown to be more heat sensitive. 
Westermark (1927) was thefirst tocall 
attention to changes in tumour cell 
metabolism following hyperthermia. 
Later studies by different investiga¬ 
tors in a number of in vivo and In vitro 
systems have shown a marked depres¬ 
sion or inhibition of the oxidative 
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metabolism in heated tumour cells, 
whereas the anaerobic glycolysis was 
slightly depress’d only after pro¬ 
longed hyperthermic treatment. More 
evidence from recent literature (Over- 
gaard, 1977) points out to anaerobic 
metabolism in tumour ceils, while 
aerobic metabolism is preferred in 
normal cells. This results in the pro¬ 
duction of large amounts of lactic 
acid in thejiumour, resulting in an 
acidic environment, rendering these 
cells more susceptible to heat killing. 

Several temperatures ranging from 
40°C to 45‘'C have been found to have 
cell inhibiting or killing effects. Heat 
killing increases with an increase in 
temperature. However, an optimum 
temperature of 42.0®C to 42.5“C has 
been suggested for application in 
humans as temperatures below 41.5“C 
are insufficient and those above 43°C 
may have cytotoxic effects. At high 
temperatures undesirable side effects 
like cardiac disturbances and intra¬ 
vascular coagulation have been repor¬ 
ted. Within 41.50C to43.5“C, a IOC rise 
doubles the thermal killing effect. As 
far as radiosensitization is concerned, 
a temperature of 42.0“C to 42.5«C is 
desirable. Thermosensitization to the 
lower range of hyperthermia, 4(KJ- 
41®C, can be increased by a short 
priming with a higher temperature; 
45®C for 5 min-10 min followed by 
40®C or 41“C for 2 hours has the 
desired effect. 

Time of application. Simultaneous 
radiation and heat application is 
found to yield the best results, even 
though this is very difficult to perform 
in human patients. Post-irradiation 
heating has its advantages if given 
with 4-6 hours after exposure; heat 
causes breaks in cells and inhibition 
of repair of sublethai (SLD) and 
potentially lethal damage (PLD). But 
the effect varies with the type of 
malignancy. Heat treatment iphibits 
entry of cells into mitosis by Gy^block 
and also increases the number of 
acentric chromosome fragments. The 
use of heat after irradiation in frac¬ 
tionated radiotherapy can be advan¬ 
tageous in inhibiting cell recovery 
during the interval between the frac¬ 
tions. But in such cases, the develop¬ 
ment of thermo-tolerance can be a 
disadvantage, especially when the 
fractions are closely spaced as in 


multiple daily fractions. Another 
problem which may be encountered 
is the different types of response by 
the different types of malignancies to 
the combined treatment. It has been 
observed i n some in vitro systems that 
those cell lines with a higher capacity 
of SLD repair are more sensitive to 
heat killing as their repair capacity is 
greatly impaired by thermal treat¬ 
ment. Hyperthermia influences the 
radiation response mainly by: 

(1) decreased repair of sublethai 
damage, 

(2) increased lethal damage, 

(3) sensitization of cells in relatively 
radioresistant phases of the celt 
cycle, 

(4) sensitization of hypoxic cells, and 

(5) inhibition of repair of potentially 
lethal damage. 

In addition, the development of lys- 
osomes during the first few hours of 
heat treatment has been reported; 
tumour cell lysosomes are more heat 
labile than those of the normal cells 
(Overgaard, 1977). Malignant cells 
also develop a heat induced respira¬ 
tory depression, which is not found in 
normal cells. 


In clinical application proper care 
has to be taken to avoid overheating 
of normal cells and to mai ntain proper 
temperature control. Above 42^:, 
physiological disturbances like car¬ 
diac disturbances, liver dysfunction, 
cerebral derangement and water and 
electrolyte loss have been reported. 
While daily multifraction treatments 
are planned, the major consideration 
should account for any thermo- 
tolerance that may develop. With 
propar planning and temperature 
control, heat can act as an effective 
adjunct to radiotherapy of cancer. 
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NMA in diagnosis 


T he 195p's saw the birth of Nuclear 
Magnetic Resonance (NMR) 
spectroscopy which ushered in a new 
era in scientific research. NMR spec¬ 
troscopy was discovered by Felix 
Bloch of Stanford University and 
Edward M. Purcell of Harvard Univer¬ 
sity for which they jointly shared a 
Nobel Prize in 1952. 

The discovery of x-rays had made it 
possible to take snapshots of the 
organs inside a human body. How¬ 
ever, x-rays are not advisable fre¬ 
quently because they cause physio¬ 
logical damage. 

Recently, a breakthrough was 
achieved in x-ray technology with the 
introduction of x-ray computerized 


tomography, referred to in short as 
CT. By this technique, x-ray data of a 
particular region of the body are 
taken from different angles. The com¬ 
puter then reconstructs the data to 
give cross-sectional views of the 
region under study. CT scanning, 
though an important tool in modern 
medicine, however, cannot differen¬ 
tiate between healthy and diseased 
tissues. This is exactly where NMR 
.techniques are expected to work in 
the near future. NMR instruments 
designed to take pictures of the inside 
of a human body would not only pro¬ 
vide a clear picture of the organs, but 
would also distinguish between healthy 
and unhealthy tissues thereby quick- 
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Flg.1. Precgatlonal motion of nuclout 

ening and simplifying diagnosis. 
Apart frorn others, it would be a boon 
for cancer patients, for cancer detec¬ 
tion would become not only quicker 
and simpler, but the cancerous spots 
would be pinpointed. Unlike x-rays, 
NMR would not leave behind any 
harmful side effects. 

Upto now, NMR has been primarily 
used to elucidate complicated struc¬ 
tures of organic molecules by meas¬ 
uring in particular, resonances of 
hydrogen nucleii or proton. It is this 
concept that is being made use of 
medically also. NMR is being used to 
distinguish between the intricate 
structures of organic molecules that 
constituteiorgans of a body. Biologi¬ 
cal molecules comprising human 
body contain hydrogen. These bio- 
molecules get affected with disease. 
Therefore, differences in the resonat¬ 
ing hydrogen nucleii in the biomole¬ 
cules of healthy and unhealthy tissues 
would be the criteria to distinguish 
be^een them. Before proceeding 
any further, it would be worthwhile to 
throw some light on the concept of 
NMR. 

Theory of NMR 

All of us know that an atom consists 
of a nucleus with electrons circulat¬ 
ing around it. The nucleus of an atom 
spins about its axis. The nucleus is a 
charged body, and therefore, when it 
spins about its axis, it gives rise to a 
magnetic field with magnetic moment 
P directed along the axis of spin. If 
the nucleus is placed in an external 


magnetic field M, the magnetic field 
would try to bring the axis of rotation 
of the nucleus parallel to itself. This 
causes the nucleus to make epreces- 
sional motion (Fig.1) like that of a 
spinning top. 

When the proton is placed in an 
external magnetic field M, it takes up 
two orientations (arrangements); it 
can be parallel (low energy state) or 
antiparaiiel (high energy state) to the 
direction of the external magnetic 
field. The proton can be made to flip 
from the lower energy state to the 
higher one by the application of an 
electro-magnetic radiation, at right 
angles to the magnetic field M. The 
electro-magnetic radiation required 
falls in the radio-frequency (rf) region. 
The rf radiation is supplied by an 
oscillator whose magnetic field is at 
right angles to the applied magnetic 
field M (Fig.2). 

The nucleus, on being promoted to 
the higher energy state, cannot stay 
'here indefinitely. It comes down to 
he lower energy state and gives out 
energy in the form of radiation which 
is measured. This phenomenon is 
known as nuclear magnetic reson¬ 
ance (NMR). 

An important question facing us is 
whether all nucleii absorb at the same 
frequency. The answer is no; as then 
the NMR spectrum which is a plot of 
NMR signal vs frequency would con¬ 
sist of only one absorption line no 
matter what the organic compound is 
and hence taking an NMR spectrum 
would be meaningless. Different nucleii 
absorb at different frequencies because 
of the electrons circulating around 
the nucleus. The circulating electron 
gives rise to a field whose direction 
opposes the external magnetic field 

Different nucleii experience differ¬ 
ent magnetic fields depending on 
their electronic environment and in 
consequence absorb and give out 
energy at different frequencies. The 
separation of a resonance frequency 
from the chosen standard TMS (tetra 
methyl silane) is called chemical shift. 

An important part of NMR instru¬ 
mentation is the magnet. It is a known 
fact that NMR signals get distorted 
according to the shape and size of the 
sample if the magnetic held M pro¬ 
duced by the magnet is not uniform. 
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The amount of distortion depends 
directly on the non-uniformity of the 
field and also on the amount of the 
sample exposed to the non-uniform 
parts of the field. 

NMR plcturlslng 

Upto now, the quest has been to 
make magnets of the maximum possi¬ 
ble homogenous field so as to get a 
clear spectrum of the sample. This 
property of the magnet undergoes 
modification when an NMR image 
and not spectrum of the sample is to 
be taken. The modification required is 
a non-uniform magnetic field. In such 
instruments, because of the non-uni¬ 
form magnetic field, the instruments 
are not able to differentiate between 
the chemical shifts of different prot¬ 
ons and hence a spectrum is not pos¬ 
sible. It was the work of Paul C. 
Lauterbur of the State University of 
New York at Stony Brook that laid the 
foundation stone of using NMR like 
x-rays in 1973. 

If a sample of say chloroform (CHCI j) 
in a capillary tube is placed in a homo¬ 
genous or uniform magnetic field M, 
the NMR spectrum will show a single 
narrow line for the resonating hydro¬ 
gen nucleii in CHCb. This 
line will remain unaffected by the 
shape of the sample so long as the 
magnetic field is uniform. If the mag¬ 
netic field is made non-uniform then 
the resonating hydrogen nucleii in 
CHCI 3 will face different magnetic 

{ContinuBd on page 679) 



Fig.2 

SCIENCE REPORTER 


OECEMSER1664 







SCIENCE 
FOR THE 
^ YOUNG 


Wafer in human body 


W HAT is the most important inor¬ 
ganic component ot human 
body? It is water, of course. The total 
body water constitutes 60% to 70% of 
adult body weight; the values are 
somewhat lower in women than m 
men and decrease with increase in 
age 

The total body water is distributed 
into two main compartments, water 
within cells (intracellular fluid) and 
water outside cells (extra-cellular 
fluid) The intracellular and extra- cel¬ 
lular spaces or compartments con¬ 
tribute about 50% and 20% of the 
body weight respectively The extra¬ 
cellular fluid is further divided into 
(a) plasma water or inter-vascular fluid 
(water circulating in the blood vessels 
constituting 5% of the body weight), 
and (b) interstitial fluid (water as 
extra-cellular fluid present outside 
the blood vessels constituting 15% of 
the body weight). 

The body watei is of utmost physio¬ 
logical importance and has specific 
functions to perform (1) it acts as a 
solvent for the secretory and excre¬ 
tory products: (2) acts as a earner of 
nutritive elements to tissues and 
removes waste materials from them, 
(3) water is a solvent for electrolytes. 
It helps to regulate electrolyte bal¬ 
ance of the body and maintain a 
healthy equilibrium of osmotic pres¬ 
sure exerted by solutes dissolved in 
water. A state of good health is possi¬ 
ble as long as the osmotic pressure 
exerted by the solutes remain con¬ 
stant; and (4) it is a regulator of body 
temperature, evaporation is the main 
way of conducting heat to outside 


and of dissipati ng it. The latent heat of 
evaporation of water is high, so the 
loss of a srpall amount of water in 
evaporated sweat means a relatively 
greater loss of heat. 

Water is more important than food. 
Deprivation of water brings about 
death much more quickly than that of 
food. Loss of about 10% of body water 
causes illness and a further loss of 
about 10% may cause death On 
the otherhand. if water is given but 
food is not, the individual may survive 
for several weeks by utilizing the body 
fat and 50% of the tissue protein. 
Sometimes too much water is lost 
from the body, such as in the case of 
diarrhoea accompanied by vomitting 
leading to dehydration. If not con¬ 
trolled immediately, it may lead to 
death. It is controlled by giving water 
with salt orally or glucose solution 
parenterally. 

The body possesses a relatively 
limited supply of water. Excessive 
fluxations in water content must be 
avoided, i.e., the body water level is 
well balanced. A healthy body main¬ 


tains water balance precisely. The 
chief physiological mechanism which 
prevents excessive loss of body water 
excretion is the action of antidiuretic 
harmone (ADH) or vasopressin, secre¬ 
ted by the posterior lobe of pituitary. 
A body is said^o maintain water bal¬ 
ance when the amount of water 
gained by the body is equal to the 
amount of water excreted or lost from 
the body. This may be explained as in 
Table 1. 

Water is supplied to the Dody by tne 
following sources: (1) Dietary liquids 
and solid food; water comprises 
70%- 90% of the weight of the average 
diet of adults. Every solid food con¬ 
sists largely of water; (2) Oxidation of 
organic foodstuff. Water is formed 
during combustion of proteins, fats 
and carbohydrates in the body. Quan¬ 
tities of water produced by oxidation 
of 1 gm of proteins, fats and carbohy¬ 
drates are 0.34 ml, 1.07 ml and 0.56ml 
respective!/ Generally 10 ml to 15 ml 
of water is formed per 100 cal pries of 
energy produced in the body. 

Water is removed from the body as 
follows: (1) Urine: It is an important 
form of elimination of water from the 
body. Daily.excretion of urine is about 
1 to 2 litres; (2) Faeces: About 
80ml-150ml of water is excreted daily 
ir) the faeces of normal adults; 
(3) Perspiration: When environmental 
tem-pbrature or humidity increases, 
the sweat glands become active. 
Sweating removes a considerable 
amount of water from body. However, 
the actual amount of water lost by this 
method varies enormously. During 
summer season, excessive water is 
lost as perspiration. So the body 
needs (demands) more water in that 


TaMel 


Water Intake in grams per aay 


Water output in grams per day 

Water Intake as such 

1100 

Water excreted in urine 

> 100U 

Water intake in diet 

Water produced during 

900 

Water excreted in stools 

« 200 

metabolism = 

200 

Water loet through 
skin and tun(p 

= 1000 

Total intake _f_ 

2200 

Total output 

= 2200 
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season; (4) Insensible perspiration: In 
this, process the j^ody loses water 
v/apour continuously from the skin 
surface and lungs in inverse propor¬ 
tion to the relative humidity of the 
atmosphere. In the vapourization of 
1ml of water, about 0.58 cal. is 
absorbed. This process contributes 
about 25% of the total heat loss 


V EGETABLE gums are exuded when 
the bark of a tree is damaged and 
harden on exposure. Gums are composed 
of complex molecules of sugars and 
carboxy acids. They are divided into 
two groups according to their solubil¬ 
ity in water: (a) soluble gums, which 
dissolve in water and form transpar¬ 
ent viscous and adhesive solution, 
such as gum arabic, (b) insoluble 
gums, which when placed in water 
absorb it and swell into a thick jelly 
afid form a thick translucent solution 
on further addition of water. They can 
be used as binders, thickeners, emul¬ 
sifiers, stabilisers and film formers 
They are usful in tablets subsuspen- 
stons, emulsions, jellies and a number 
of cosmetic preparations. 

Sources 

Plants that produce exudate gums 
are usually shrubs or low-growing 
trees. They grow best under tropical 
climatic conditions, mostly in thearid 
reoions. Many trees yield gum in large 
quantities under adverse conditions, 
especially during dry season. Some 
of the historically important commer¬ 
cial exudate gums are gum ghatti 
(Anogeissus latHolia Wall.), gum 
karaya {Sterculia urens Roxb.), gum 
tragacanth (Astragalus gummifer 
Labill.), gum arabic [Acac/a sanagal 
(L.) Willd.] : All these commercially 
important exuded gums are obtained 
from several species of plants. 

Gum tragacanth is the most impor¬ 
tant gum of commerce It is obtained 
as dried gummy exudate from 
several species of Asfraga/us, thfe low 
bushy.pereriniat shrubs, having large 
taproots which alono with the stems 


DECEMBER 1M4 


from body. Insensible perspiration 
eliminates about 850 ml qf water per 
day from a 70 kg man. 

Q. Qovtndwaiu 

Professor of Chemistry 
The Raja Sarfofi Government College 
Thanjavur 613 DOS, Tamil Nadu 


and branches are tapped for gum. 
The gum consists of two portions, tra- 
gacanthin (30%-40%) and bassorin 
(60%-70%) Tragacjinthin dissolves in 


water forming a colloida) hydrospi, 
while bassorin swells in wafer to form 
a gel. The important physical proper¬ 
ties of tragacanth are its ability to 
create extremely viscous solutions or 
gels with water; thickening and sta¬ 
bilising action; binding arid adhesive 
ability; and film forming property. 

Gum acacia is the oldest and most- 
versatile of natural gums. - It is th^ 
dried exudate obtained from the 
branches and stems of the plants 
belonging to the genus Acae/a, 
most important of which is Acac/a 
Senegal. 

Gum karaya is the dried exudation 
of theSfercu//a urens tree. The princi¬ 
pal growing area is India where the 
best quality gum is collected during 



Flg.1.A- Chickrassia tabularis Adr, Juss; B—Butea trondosa Roxb.; C— Saplr>dus Irlto- 
liatus Linn.; D—Peronia alephantum Cones; B—Acacia Senegal WUid. 
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Apnl, May and June. Another Indian 
exudate gum is gum ghatti, which is 
an exudate of Anagolssus latHolia. 
Gum ghatti is also a very useful gum 
of commerce. Trees are tapped or 
blazed, and gum exudates are col¬ 
lected over a period of several days. 

Many other trees of India also pro¬ 
duce gums which are collected and 
often exported The term “Indian" or 
“East Indian gums” encompasses 
many exudation products of oriental 
trees. Some of the Important ones are: 
Butea frondosa Roxb. (Dhak orpalas 
tree) furnishes a red gum known as 
“Bengal" or Palas kino, or “Butea 
gum” Chickrasia tatMlaris A. Juss. 
(Chitagong) produces amber gum. 
Feronia elaphantum Corr. known as 
wood apple tree gives a yellow to red¬ 
dish gum. Melia azedarach L. (China 
tree or China berry tree) is called 
pride of India and gives an amber- 
coloured gum. Moringa piarygos- 
parma (Horse-radish tree) and Tarml- 
nalia species furnish yellowish to 
reddish gums. Anacardium occidan- 
talaL., cultivated in India yields a red¬ 
dish gum. Sapindus trifoliatps L. 
yields soap nut tree gum, locally 
known as "Ritha" 

Uses 

All gums form viscous solution or 
gels with water, and are utilized in 
Industry in different ways. In the field 
of cosmetics and pharmacy hydro¬ 
philic colloids are used because of 
their property of soothing inflamed or 
abraded membrane of skin and pro¬ 
tecting them from irritation. They are 
used as demulcents or emollients. In 
lotions, ointments, face creams and 
other cosmetic preparations, they are 
used as suspending and emulsifying 
agents. 

In recent years, after much devel¬ 
opment work, hydrophilic colloids 
and modified celluloses have found 
use in the paint industry in place of 
casein. The colloids used are atginic 
acid and its sodium and ammonium 
salts and modified celluloses are 
sodium carboxymethylcellulose and 
hydroxyethylcellulose.ln these uses 
they serve as thickeners. As film 
formers with no modifying agents 
added, their use in paints is limited to 
a few special items. Gum arabic has 
been employed in paints as a glaze 


and for emulsifyimg oils. Otffer kinds 
of protective coatings also include 
natural gums in their composition. 

Gums are widely used in 
the food industry. Gum arabic is 
employed in confectionary to prevent 
crystallization of'sugar. It is used as a 
glaze in candy products and as a 
component in chewing gums, cough 
drops and candy lozenges. It has an 
extensive application as a stabilizer in 
frozen food products, it is also used in 


baking industry for its viscosity and 
adhesive properties. 

Natural gums heare many um In 
the textile industry. Starch and dex- 
trins find wide use and frequently 
gums are usec;^ as a supplement to 
starch, chiefly to toughen the starch 
film. They are used mainly as thicken¬ 
ers and as sizing agents. 

Anu Verma 

Naw Dalhl-110060 


Prime and decomposed magic squares 


S TUDY of magic squares can be a 
source of fascinating amusement. 
Indeed magic squares can provide 
hours of fun and rewarding distrac¬ 
tion to any recreational puzzle enthu¬ 
siast. Thousands of magic squares 
of rare quality with many unusual 
and unique characteristics have 
been constructed by maths puz- 
zlists. We Intend to present in this arti¬ 
cle two unusual types of magic 
squares called prime and decom¬ 
posed magic squares which are not 
so common and exhibit interesting 
properties too. 

Prime squares 

Construction of magic squares 
using prime numbers is an intricate 
problem indeed. The lowest order 
prime square that can deconstructed 
is a 3*3 square (Fig.1). This square 
has the magic constant 177. However, 
the numbers involved in the construc¬ 
tion of this square do not belong to 
any definite sequence or series. 
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59 

113 
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47 


Fig.l 


Prime squares with numbers forming 
a def i nite sequence or series can also 
be constructed. An order-3 prime 
square can be developed, for instance, 
using the sequence of primes 199, 
409, 619, 829, 1039,1249,1459,1669 
and 1879 (Fig.2). These primes are in 
arithmetical progression on having a 
Common difference of 210 between 
the consecutive terms. The maqic 
constant of this’square is^3117. Thd 
formula by which this magic constant 
can be calculated is 

M = n [ 2A + (n»-1)D j 

whore n stands for the order of 
square, A is the first term of the series 
and 0 is the common difference 
between the successive terms. 

It Is also possible to* construct an 
order-4 prime square using an arith¬ 
metical sequence of primes. This 
sequence starts with 2, 236,133,941 
and has a common difference of 223, 
092, 870 between the consecutive 
terms; the last, i.e., the 16th term of 
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Fig.2. 
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Fig 4 


the sequence is 5, 582, 526,991. This 
prime square (Fig.3) has a signifi¬ 
cantly large magic constant of 15, 
637.321.864. 

Prime squares of 5th and higher 
orders seem to be an impossiblity at 
present; for the existence of a prime 
series with terms more than sixteen 
remains till to ’date an unsolved 
problem. 
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Decomposed magic squares 

A square can be magic not only for 
addit.on but also when its individual 
elements are squared and then 
added Such magic squares are called 
doubly magic squares. An 8th order 
doubly magic square is shown in 
Fig.4. This magic square can, inter¬ 
estingly, be decomposed into two 
magic squares x and y (Fige.5&6) such 
that the square of the magic constant 
of the original (doubly magic) square 
IS the sum of the squares of the magic 
constants of the squares x and y. The 
magic squares x and y have constant 
of 156 and 208 respectively whereas 
the magic constant of the original 
square is 260 so that 

156»+208^=:67600=260' 

Interesting relations exist among 
the elements of these squares. The 
square of any element of the original 
square is the sum of the squares of the 
corresponding elements of the squares 
X and y Thus 

A 

Fig 5 
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(24.6)’+(32 8)^^=1681=41-' the corresponding elements of the 

(34.8)?+(46.4)-^=3364=58- square y 

(16.2)2+(21.6)=’=729=27-' 

.and so on. P- K. Mukheriee 

Further, the mean of the same two Lecturer in Physics 

elements of the original square anc Deshbandhu College 

the square X IS seen to be the same as Kafkaji, New Delhi-110019 


Science quiz (Nobei Prizes) 


1. In which year and in which fields 
was the Nobel Prize for the first time 
instituted? 

(a) 1983; Physics, Chemistry Medi¬ 
cine or Physioiogy, World 
Peace and Literature. 

(b) 1901; Physics, Chemistry, Medi¬ 
cine or Physiology, World 
Peace and Literature. 

(c) 1896; Geology, Physics, Chemi¬ 
stry. World Peace and Literature. 

(d) 1833; Physics, Chemistry, Medi¬ 


cine or Physiology, World 
Peace and Literature. 

2. The amount left over by Alfred 
Nobel as assets for the award of 
prizes is 

(a) $9 millions (b) $10.2 millions 
(c) $20 6 millions (d) $9.2 millions 

3. The place where Nobel passed away 
on 10th December 1896'’ 

(a) San Remo (Italy) (b) Pans 
(France) (c) Stockholm (Sweden) 
Leningrad (Russia) 


4. Among the four institutes to award 
the Nobel Prizes, the one which, 
awards the Nobel Prize in Chemistry 
and Physics is 

(a) The Swedish Academy (b) Nor¬ 
wegian Parliament (c) Royal Caro¬ 
line Medico-Surgical Institute 
(d) Sweden's Royal Academy of 
Sciences 

5 The place where the Nobel Prizes 
are presented'’ 

(a) San Remo (Italy) (b) Stockholm 
(Sweden) (c) .Leningrad (Russia) 
(d) Pans (France) 

6 At present how much amount is 
awarded to a Nobel laureate? 

(a) $180,000 (b) $100,000 (c) $42,000 
(d) $200,000 

7. Who received the Nobel Prizes 
both in Physics and Chemistry? 

(a) Mane Curie (Marie Sklodowski) 
(1903 1911) 

(b) John Bardeen (1956, 1972) 

(c) Linus Pauling (1954, 1962) 

(d) Pierre Curie (1903, 1935) 

8 Which country has bagged the maxi¬ 
mum number of NobeiPrize till now? 
(a) USA (b) Great Britain (c) Germany 
(d) France 

9. Upto now how many Indians have 
received this covetous prize’’ 

(a) Three (b) Five (c) Four (d) Two 

10. Indian born scientist Prof. S 
Chandrasekhar received 1983 
Nobel Prize for his work in one of 
the following fields 

(a) Molecular Biophysics (b) Solid 
State Physics (c) Liquid State Phy¬ 
sics (d) Astrophysics 

11 . Upto now how many parent child 
pairs have received this prize? 

12 At present who is trying to become 
fourth pair and the first grand pair 
(Grandson -Son-Father) 

(a) Karl Manne Georg Siegbalm 

(b) Kai Siegbalm (c) Nil Siegbalrti 

(d) Irene Joliot Curie 

13 Who was the first Nobel Prize 
winning pair? 

(a) Sir William Henry Bragg and 
William Lawrence Bragg 

(b) Irene Joliot Curie and Marie 
Curie 

(c) Pierre Curie and Marie Curie 

(d) Karl Manne Georg Siegbalm 
and Kai Siegbalm 
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14. How many couples have received 
the Nobel Prizes? 

(a) Two (b) Three (c) Four (d) One 


M.C- Somasekhara Reddy 

Department of Chemistry 
Sri Krishnadevaraya Univ. 
Anantapur-515003. 
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Answers: 

(1)b, (2) d, (3) a, (4) d, (5) b, (6) d, 
(7) a, (8) a, (9) a. (10) d, (11) a, (12) c. 
(13) a. (14) a 


FOR HER (Continued from page 682) 

heaps for about 12 hrs and be 
dried slowly. The tea thus 
obtained contains less tannins 
and more theine hence makes 
better tea. 

Q.6. Malt is good for children. 

Ans. Germinated barley is called 
malt. If forms a useful food for 
delicate children because the 
enzyme diastase it contains 
helps in the digestion of starch. 

Q.7. Young potatoes are not so good 
as nutrients. 

Ans. Potatoes are easily digested 
when fully grown and properly 


cooked. Young ones are com¬ 
posed of immature cell tissues 
and unformed starch and hence 
are indigestible and less nutri¬ 
tious. The useful nutrients in 
potatoes are starch and salts— 
malates, tartrates and citrates. 

Q.8. French coffee is inferior to pure 
cofee. 

/■\ns. French cofee contains 60%- 
75% of chicory which means it 
is 60%-75% adulterated as 
against pure coffee. 

Q.9. When milk is boiled, a skinny 
layer settles on top. 


Ans. This is nothing but coagulated 
milk albumin. 

Q.10 Silk IS an animal product. 

Ans. Silk is a kind of gelatinous 
secretion which the silk worm 
covers Itself with, when it is 
about to change from a silk¬ 
worm to a moth. This substance 
hardens on exposure to the air 
and forms silk thread. 

S. Bhanumalt 

Lecturer in Chemistry 
Gargi College, New Delhi 
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fields at different parts of the sample. 
In consequence the spectrum will no 
longer show a single sharp line, but 
would give a broadened plot. 
The magnetic field is made non-uni¬ 
form by applying another linear mag¬ 
netic field gradient Mi parallel to the 
magnetic field M. 


If the linear magnetic field Mi is 
rotated electronically, such broa¬ 
dened plots or projections of the sam¬ 
ple from different angles can be 
obtained. Computer analysis of a 
number of such plots reconstructs 
the image of the sample. 

Though the technique of the clini¬ 


cal use of NMR is still in its prime, with 
the rapid strides in research we can 
look forward to it taking the shape of a 
powerful diagnostic tooi in the near 
future. 

Chitra Datta 

Bombay-400 005 
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Pimples mar beauty 


P imples, blackheads, nodules and 
moles are a major problem among 
adolescents. They not only mar their 
beauty but also create an inferiority 
complex among them. The frequency 
of pimples is quite high in adults. 
What are they and what is the cause of 
pimples during adolescence? 

Types of pimples 

Pimples, in general, are crops of 
small, whitish or reddish lumps on the 
skin of the face, chest and back which 
are usually accompanied by an oily 
skin. The little lumps contain clumps 
of thickened oily secretion from the 
sebaceous glands or sweat glands 
and also pus when injected. They are 
of folloing types. 

(i) Acne. Acne is a condition in 
which inflammation and infection of the 
sebaceous (oil) glands and ducts lead 
to pimples, pustles and cysts on the 
surface of the skin. Acne is most likely 
td appear on those parts of the body 
wpich have the most numerous 
glands, particularly around nose, on 
cheeks and shoulders. 

(il) Blackhead. Blackhead is a 
plug of dried, waxy material in a 
sebaceous skin oil gland, especially 
on face. Its exposed end is blackened 
by soot or prime. The dark colour of 
the characteristic blackheads is also 
due to the discolouring effect of air on 
the fatty substance in the clogged 
pore. The pimple is known as white¬ 


head when it has not been turned 
black by air. Blackheads are common 
in acne. 

(Hi) Comedones. Comedones are 
plugs of dried, cheesy secretion of the 
oil glands of the skin formed when 
they get clogged. They are common 
in adolescent acne. 

(iv) Rosacea. Rosacea is a skin 
condition characterised by redness of 
the nose which may spread to the 
forehead and heck. This is followed 
by appearance of small, dilated 
(exp&nded) blood vessels. Tiny pim¬ 
ples develop on the flushed areas. 
These pimples are more superficial 
than acne pimples and do not leave 
scars. Rush of blood to the affected 
area is a nervous reflex, stimulated 
often by alcohol and also by highly 
spicy foods. The condition is some¬ 
times called “whisky nose", an unfair 
name because many people who 
develop rosacea never had an alco¬ 
holic drink. Rosacea can also affect 
eyelids and lead to superficial kerati¬ 
tis, a painful inflammation of the cornea 
which should, be treated by an 
ophthalmologist. 

(V) Mole. Mole is a permanent, 
small dark mark on the human skin. 
1 his is completely different from pim¬ 
ples in that it is caused by oil glands. 
This may sometimes lead to the 
growth of a benign tumour on the 
body. 

Causes of pimples 

(a) Clogging of sebaceous glands. 

Beneath the skin there are numer¬ 


ous, minute oil glands called.sebace- 
ous glands. They produce »nall 
quantities of oii or “sebum" to keep 
skin soft, greasy and smooth. The 
glands are associated with upper part 
of hair folircle by a smali duct. Oil 
comes on to the skin through tiny 
pores and prevents skin from becomr 
ing wet by water. Sometimes these 
pores get ciogged with wastes from 
skin cells and dirt of air. A sweiling 
resuits as the oil cannot come out. 
Moreover, when any part of the body 
is blocked by a foreign material. 
White Blood Corpuscles (WBC)come 
and encircle the dirty foreign 
substance. Gradually the WBCs are 
turned into dead cells and form pus 
around the gland.-A pimple is so pro¬ 
duced. When a pimple is squeezed, a 
whitish fluid (pus) comes out along- 
with a dense, rounded nucleus around 
which pus formation trkes place. 

(b) Sex hormones. During puberty, 
the pituitary governor of q' dular 
activity alters the proportion of male 
sex- hormone “androgen" and female 
sex hormone “estrogen" for matura¬ 
tion of sex. Both boys and girlshavf a 
consistently high level of respec¬ 
tive sex hormones between pubejty 
and maturity. This increase in sex 
hormones activates production of 
sebaceous glands which usually dis¬ 
charge sebum thrpugh pores for lub¬ 
ricating the skin. Ove production of 
sebum causes it to turn into a paste 
which backs and plugs up ducts 
extending from glands underlying 
derma through b/ers of epidermis 
(Fig.l) 
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(c) Edible substances and dnni^s 
Some foods seem to inters.'y 
attacks of acne. They include choco¬ 
late, iodized salt, sea food containing 
iodine, fats and fried foods, dairy pro¬ 
ducts, seasoned food material, etc 
Besides,_ drinks like alcohol, coffee 
and tea also trigger off development 
of pimples. 

(d) Cosmetics. As skin pores are 
minute and often clogged by dirt or 
cosmetics or various types of creams, 
the fatty sebum accumulates under 
the skin and forms a pimple 

(e) Other causes. Apart from these 
reasons, emotional states and hot cli¬ 
matic conditions also stimulate pro¬ 
duction of excess oil, causing forma¬ 
tion of acne 

Preventive measures 

What can be done to get rid of pim¬ 
ples? In a majority of cases, acne is a 
transitory' condition that gradually 
diminishes with the stabilization of 
hormones during adulthood. Peo¬ 
ple with oily skin are more likely to 
develop pimples, blackheads, etc., 
than those with less oily skin. There¬ 
fore. in its mild form, it can usually be 


Fig.2 

conun'’’-'! nv cleanliness and avoi¬ 
dance o' desserts, fried foods 
and beverages Thirdly, creams and 
cosmetics that further clog pores 
should be avoided in favour of medi¬ 
cated soaps and hot water. Sulphur 
and resorcinol are useful local appli¬ 
cations for good results in both sexes. 


Q.1. When a vegetable oil is heated 
at a high temperature, why does 
It smell and why do our eyes 
burn with fumes? 

Ans. Because a poisonous, bad smel¬ 
ling gas called acrolein is gener¬ 
ated due to the decomposition 
of oil. 

Q.2. When kept cold, milk does not 
sour. 

Ans. Souring microbes called Strep¬ 
tococcus lacticus do not grow 
below 9°C. 

Q.3. Eggs do not form a perfect food, 
although they contain every¬ 
thing that is needed for growth 
of body of the chick. 


Besides, use of cleansing pads con¬ 
taining an astringent lotion (a sub¬ 
stance that shrinks soft tissue and 
contracts blood vessels checking the 
blood flow) is a helpful counter 
measure. 

One important point is that during 
the onset of pimples, they should not 
be squeezed. This method of elimina¬ 
tion of pus can lead to more serious 
infection. In fact, squeezing usually 
drives as much oil back deeper into 
skin as it removes and hence the 
inflamed area is enlarged. Some¬ 
times, squeezing also leads to bacte¬ 
rial infection and causes cyst forma¬ 
tion that damages the underlying 
dermal tissues. Squeezing should be 
completely avoided. 

Conclusion 

Adolescents are especially sensi¬ 
tive about their appearance and 
should not be teased about their pim¬ 
ples. Youngsters or teenagers should 
keep in their minds that acne or pim¬ 
ples are only a temporary condition 
which would not mar the beauty by 
proper care, precaution and prevention. 

Prafulla Kumar Mehanty 

Lecturer 

P.G. Department of Zoology 
Utkal University, Vani Vihar 
Bhubaneawar-751004 
Orissa 


Ans. Eggs are deficient in carbohy¬ 
drates and various salts. 

Q.4. Vinegar is used as a preservative. 

Ans. Vinegar is 5% acetic acid solu¬ 
tion. Microbes do not survive at 
acidic pH and also the hard 
vegetable fibres and cellulose 
of green vegetables turn soft in 
vinegar. 

Q,5. Black tea leaves make better 
tea. 

Ans. The smaller the tea leaves, the 
better is the quality. If dried over 
wood fire while still fresh, the 
green colour is retained. For 
black tea. the tea must lie in 
(Continued on page 679) 
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Automatic pH control 
system for sugar 
industry 

U NDER a grants-in-aid project o: 

the Electronics Commission, the 
Central Electronics Engineering Re¬ 
search Institute (CEERI), Pilani, deve- 
lopecT in the first phase a digital dual 
set point pH control system in which 
lime addition was controlled in an 
'on off manner for the juice clarifica¬ 
tion stage in sugar industry About 38 
such systems have already been 
installed and are in operation m var¬ 
ious sugar factories in the country. 

Subsequently, CEERI has deve¬ 
loped an advanced control system— 
Microprocessor-based Automatic pH 
Control System (MAPCON)—for the 
juice clarification process. MAPCON 
continuously monitors and controls 
the pH at three different places in the 
reaction vessel by controlling theflow 
of lime at two places and flow of sul¬ 
phur dioxide at the third place. It has 
three independent digital PID control 
Hoops, integrated completely with 
indigenously designed motorized 
valves for on-line control of lime and 
SOssimultaneously. It is for the first 
time in the country that S 02 can be 
continuously and automatically con¬ 
trolled on-line in the juice clarifica¬ 
tion process while the excess SOzis 
diverted to the syrup sulphitation ves¬ 
sel installed adjacent to the juice sul¬ 
phitation vessel. The system auto¬ 
matically takes care of any fluctua¬ 
tions in the crushing rate, juice flow, 
lime baume, SOsconcentration, etc.. 


white maintaining pH closely around 
the set values. 

Alarm conditions are indicated by 
means of flashing current value of the 
display if it goes beyond theset limits. 
This draws the attention of the opera¬ 
tor immediately to any malfunction, 
like stoppage or substantial drop in 
the flow of juice, lime, SOz, etc. 

MAPCON has undergone success¬ 
ful field trials in a commercial sugar 
factory in Uttar Pradesh near Delhi 
during the 1983-84 crushing season 
and has received users'appreciation 
and acceptance reports. Besides 
meeting the primary objective of 
maintaining pH within +0.15 of the set 
values, it improves settling rate and 
raises purity with reduction in CaO 
content in the clear juice. 

MAPCON basically consists of a 
conventional pH electrode system 
connected to a pH transmitter Three 
such units acquire the process pH 
values which are to be controlled. The 
acquired data is displayed on SVz-digit 
digital panel meters which are 'bus' 
organized and interfaced to a 8085 
based microcomputer. Three stepper 
motor driven valves, two for control¬ 
ling flow of lime and one for control¬ 
ling SOz, are also interfaced to the 
microcomputer through three-step¬ 
per motor drivers. The dynamic valve 
position IS indicated on a correspond¬ 
ing bar-graph display. The micro¬ 
computer IS programmed to control 
the three measured parameters 
through the three valves using PID 
algorithms (software). The PID con¬ 
stants and the set-points for each 
control loop are pre-selected and 
entered through a keyboard. 


Mica-based textured 
coating 

T he Central Glass & Ceramic 
Research Institute (CGCRI), Cal- 
cutta.has developed, for the first time 
in IrKlia, a process for the production 
of mica-based textured coating. The 
coat ng can be used both for protec¬ 
tion .and decoration of exterior surfa¬ 
ces. It IS ideal fo'' glass reinforced 
gypsum surfaces and also for metal¬ 
lic, concrete, masonry, and wooden 
surfaces. It is particularly useful for 


the protection and decoration of exte¬ 
rior surfaces of commercial build¬ 
ings, industrial plants and domestic 
houses. It is more economical and 
durable than the conventional points, 
and. being highly flexible, withstands 
normal contraction and expansion of 
buildings. It forms an attractive tex¬ 
tured surface which can be given dif¬ 
ferent shades. It can be simply 
sprayed with an ordinary spray gun, 
and has a covering capacity of 1- 
1.5mVlitre. It is based on waste mica 
and has the outstanding properties of 
fire resistance and insulation. 


Construction of 
reinforced concrete 
pavement 

T he Central Road Research 
Institute (CRRI), New Delhi, has 
evolved a technique for the design 
and construction of continuously 
reinforced concrete pavement; the 
technique has been taken up by the 
Central Assessment Committee of 
the Ministry of Shipping and Trans¬ 
port as one of its sponsored tech¬ 
niques for adoption by the state road 
construction agencies. 

Recently, the institute provided 
know-how of this technique and gave 
a demonstration of construction to 
the U.P P W.D . whohave built a con¬ 
tinuously reinforced concrete pave¬ 
ment of 270m length (dual lane) with 
elastic joints, laid on a section of Gha- 
ziabad byepass. The provision of 
elastic joints enables reduction in the 
quantity of steel (up to 50%) used in 
such constructions, and also pre¬ 
vents random cracking. 

Unlike plain concrete pavements, 
the new pavements allow longer slab 
lengths without expansion joints, 
thus providing better riding quality 
and reduced maintenance. The re¬ 
duced thickness needed in this type 
of construction results in an economy 
of 25% in the use of cement. 
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The river of sorrow 


T he Damodar river originates from 
Chhotanagpur plateau in Bihar, 
flows along a course of about 500 km 
through Bihar and West Bengal and 
joins the Hooghly river opposite Falta 
at a distance of 58 km South of Cal¬ 
cutta Barakar, Jamuria, Konar and 
Bokaro are its tributaries The river 
carries a lot of eroded soil, pebbles, 
sand, etc , from Chhotanagpur area 
and causes silting p''oblems in its 
lower valley region in West Bengal 
creating flood havoc during rainy 
season 

The river was known for a long 
time in West Bengal as "the river of 
sorrow”, analogous to the Hoang Ho 
river of China Devastating flood was 


an annual event of the river in the 
lower valley in West Bengal, bringing 
in Its trail lossof hundreds of lives and 
colossal damage to properties • 

Ruhr of India and the Damodar river 

In 1955 Durgapur barrage was set 
up under the auspices of Damodar 
Valley Corporation (established in 
1948) to ensure all round improve¬ 
ment of the Damodar Valley through 
flood control, irrigation, waterways 
transport, power production, etc 
Two main canals on the right and loft 
banks of the river are used for irriga¬ 
tion m Burdwan, Bankura, >^ooghly 
and Howrah The creation of Dur¬ 
gapur barrage gave impetus to the 


development of a chain of industries 
from 1960 onwards which led to the 
largest industrial complex in the east¬ 
ern region from Durgapur to Asansol, 
known as the "Ruhr of India" 

In its upstream course, the river, 
while passing through Bihar coal belt 
area, picks up wastes from Sindri Fer¬ 
tilizers (chromate, ammonia, naphth¬ 
alenes) and Bokaro Thermal Power 
Units (flyash, oil, grease, etc.). The 
river gets an overdose of toxic chemi¬ 
cals and metals from industries in the 
lower valley in the 50 km stretch of 
Asansol-Durgapur industrial belt 
The river receives industrial pollu¬ 
tants ttirough two storm water 
drains—Nuniah Nalah in Asansol 
region and Tamla Nalah at 5 km 
beyond Durgapur—besides getting 
pollution dose through some drains 
from Indian Iron and Steel Co (Burn- 
pur), Bengal Paper Mill (Raniganj) 
and Durgapur Steel Plant (Waria) 
Except at Durgapur barrage the river 
IS thin and lean throughout the year 
excluding the monsoon season Side 
by side. Tamla Nalah discharges 
larger volume of water throughout 
th^year which presents a sharp con- 
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trast to the river particularly during 
summer. The river downstream gets 
polluted to the maximum extent dur¬ 
ing summer after receiving the pollu¬ 
tion load from Tamla Nalah. 

It should be noted that the barrage 
water is the source of water supply to 
Durgapur industries and townships 
for domestic and industrial purposes. 
There are water treatment plants at 
Durgapur Project Ltd. and Durgapur 
Steel Plant, but they employ conven¬ 
tional methods of sedimentation, 
sand filtration, alum treatment and 
chlorination. These methods, how¬ 
ever, cannot remove pollutants like 
organic matter and toxic metals 
which will find their way to drinking 
water and cause health hazards 

Most of the industries causing pub¬ 
lic health concern are chemical 
industries almost all of which dis¬ 
charge their waste without any treat¬ 
ment. An idea about the huge loss of 
chemicals through drains can be 
obtained from two typical examples 
One industry discharges daily about 
3171 xg of ammonia. 181.2 kg of 
phenol, and 906 kg of benzene, 
toluene and solvent naphtha; another 
industry allows concentrated ammo¬ 
nia to evaporate in a 60,000 Mj 
lagoon One industry enforces strict 
security at the entrance gate but has 
open frontiers at the backside 

Pollution profile of Oamodar river 

The pollution loading at different 
points of Damodar river will now be 
examined The concentrations of the 
parameters are expressed in parts per 
million (ppm). 

At Burnpur the river picks up 
ammonia (47 ppm-60 ppm), nitrate 
♦nitrite (15 ppm-36 ppm), cyanide 
(0.08 ppm-0 1 ppm), dissolved solid 
(20Cl ppm), chemical oxygen demand 
(index of total organic matter, abbre¬ 
viated as COD. 30 ppm-46 ppm). At 
Raniganj the large mass of water hya¬ 
cinths accumulating near the outfall 
of Nuniah Nalah adsorbs most of the 
pollutants from industries and sew¬ 
age and thereby reduces the pollu¬ 
tion load on the river at this point. At 
Raniganj the river receives from the 
Paper Mill ammonia (2 ppm-8 ppm) 
nitrate + nitrite ( 0.4 ppm - 6 ppm ) 
phenol (0.14ppm-0.32ppm). COD 


(130 ppm -1600 ppm). tannin and lig¬ 
nin (10ppm-100ppm); the river 
water assumes a reddish tinge due to 
tannin and lignin, which are non- 
degradable substances and persist 
over a distance of 20km up to Dur¬ 
gapur barrage. 

At Krishnanagar (5 km down¬ 
stream of Durgapur barrage), the 
Tamla Nalah delivers to the river a 
pollution load consisting of ammonia 
(10 ppm-40 ppm), nitrate + nitrite, 
(10ppm-37ppm), dissolved soUds 
(200ppm-500ppm).suspended solids 
(70ppm-240ppm), COD (78 ppm-360 
ppm), phenol (0 02ppm-0.6ppm) and 
several toxic metals including mer¬ 
cury (0 01 ppm-0.06 ppm) The sedi¬ 
ment at the same site contains 
ammonia (50 ppm-100 ppm), COD 
(2 5 ppm-5 0 X 10' ppm), arsenic 
(5,5ppm-6 5ppm), cadmium (5 5 ppm- 
7 5 ppm), chromium (60 ppm-100 
ppm), lead (700 ppm-900 ppm), and 
mercury (1,0 ppm-8 8 ppm) The sedi¬ 
ment acts as the storehouse of the 
pollutants and slowly leaches them to 
the water body enhancing its pollu¬ 
tion level so that arsenic and mercury 
contamination will continue for years 
even after the source industries are 
abolished. The river in this region 
cannot support aquatic lives and is 
unfit as a source of water for domestic 
purposes which explains high inci¬ 


dence of jaundice and haepatitis 
among the local residents. 

Now let us take a look at the pollu¬ 
tion level of the river at Durgapur bar¬ 
rage; ammonia (2.0 ppnj.-6.0 ppm), 
nitrate-*-nitrite (1.5 ppm-6.4 ppm), 
tannin and lignin (0.6 ppm-0.9 ppm), 
phenol (0.01 ppm-0.12 ppm). COD 
(10 ppm-200 ppm) and mercury 
(0.001 ppm-0.002 ppm). The river at 
this point remains the source of drink¬ 
ing water supply to Durgapur City. 
The water treatment plants cannot 
remove phenol, organic matter, tannin- 
lignin and mercury which will invari¬ 
ably contaminate the drinking water 
of Durgapur population. Furthermore, 
interaction of ammonia and phenol 
with chlorine gives rise to toxic chlo¬ 
ramines and chlorophenols respec¬ 
tively which accompany the above 
pollutants in drinking water. Asamat- 
ter of fact, the drinking water of Dur¬ 
gapur residents is not colourless, 
odourless and tasteless. To add to the 
cup of misery of the entire population 
in the industrial belt, the air is sur¬ 
charged with fl'yash, fine coal dust 
besides other obnoxious gases which 
lead to mumerous cases of asthma 
patients. 

Who cares ? 

A final note on the destruction of 
the river will shock all sensible peo- 
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pie. At Raniganj just behind one fac¬ 
tory, boiler plant ash at the rate of 
about 3000 kg per' day is being 
dumped into the river by some 
hundred trollies. This has given rise to 
a hill of ash swallowing up the river by 
more than 50 per cent at this point On 
enquiry it appears that it neither con¬ 
cerns Raniganj municipality, as it is 
not within their jurisdiction, nor any 
municipality on the other side (Ban- 
kura district). This alsodoes not seem 
to be a case for the State Government 
to be worried about. The hill of ash 
grows day-by-day and stands as a 
glaring testimony to the indifference 
of the public and Government alike to 
a crucial environmental issue. 

The Damodar river, the life-line of 
the industrial belt and beyond, con¬ 
tinues to get choked at Raniganj as 
mentioned above and quietly camies 
a dangerous load (much above the 


T he ubiquity of noise has made 
many people apprehensive about 
its possible adverse effects on public 
health. Noise is the sound that produ¬ 
ces a jarring or displeasing effect. The 
ambient noise level of our environ¬ 
ment has risen both with increasing 
population density and with increas¬ 
ing use of machinery as a substitute 
for human or animal muscle power 
Airconditioners, fans, household appli¬ 
ances, entertainment devices, eg., 
radio, television, phonographs, etc., 
make noise at home. Although these 
gadgets are signs of luxury and pro¬ 
vide enjoyment, the disturbance they 
cause to natural physiological pro¬ 
cesses have not yet been assessed. 

A number of industrial operations 
produce noise. Crushing of different 
materials, grinding and drilling, stamp¬ 
ing metal into auto-fenders and 
punching holes into metal plates pro¬ 
duce noise. The targets of industrial 
noise are mainly workers, but the 
noise may reach the adjoining homes 
too. Transportation is another source 
of noise. Transportation noise is gen¬ 
erated by power units of vehicles, such 
as engines in jets, motors in trucks 
and contact of tyres on roads and 


tolerable level) of toxic industrial pol¬ 
lutants, e.g., ammonia, arsenic, chro¬ 
mium, mercury, etc. Arsenic and 
ammonia poisoning already took toll 
of several hundred cattle and ruined 
acres of agricultural fields respec¬ 
tively in several villages. The well- 
known “Minamata disease” (mercury 
poisoning) in Japan killed several 
hundred Japanese fishermen in the 
sixties and again in the seventies. 
Who knows that in W. Bengal “Mina¬ 
mata tragedy"is not waiting in the 
wings in the downstream river course 
from Krishnanagar onwards? But 
again, who cares? 

Anil K. De 

Head, Depff. of Chemistry 
Visva-Bharati University 
Santiniketan-731235 
West Bengal 


wheels on rails. Apart from theeffects 
of vehicle noise on the surrounding 
community, it affects the occupant of 
the transportation means as well 
The question is why the sound 
which at one time gives soothing 
touch to the ear becomes noise and 
irritating on another occasion? In 
principle, sound is received by ear as 
pressure waves. A pressure wave is in 
certain respects similar to an electro¬ 
magnetic wave. The sound waves 


pass through the external auditory 
canal and cause the tympanic mem¬ 
brane to vibrate. A bone, called mal¬ 
leus, is attached to this membrane, 
and the vibration is transmitted 
through it to incus and stapes'(Figs. 1 
and 2). These bones magnify the 
vibrations. The stimuli reach the 
nerve endings in the organ of Corti, 
and are finally conveyed to the brain 
by the auditory nerve. The sensation 
of hearing is interpreted by the brain 
as a pleasant or unpleasant sound. 
Irregular sound waves produce noise; 
they are of very short duration and 
have no periodicity. On the other 
hand, musical sound is produced reg¬ 
ularly, at equal intervals in equal 
succession. 

The intensity of sound is measured 
in decibels (dB). The apparent loud- f 
ness perceived by human ear depends 
on both pitch frequency and intensity 
of the sound. Intensities of a fewcom- 
munity noise source are given in 
Table 1. Sound consists of repeated 
alternate compressions and expan¬ 
sions of air. The pitch of sound is 
determined by the number of vibra¬ 
tions per second (frequency) and the 
intensity of sound (loudness) isdeter- 
mind by the amplitude of the vibra¬ 
tions. Pure tones are vibrations of 
single frequency, e g., 1,000 cycles/ 
second or 1,000 Hz. Most ordinary 
sounds are mixtures of tones of sev¬ 
eral frequencies. The frequencies of 
the greatest importance are 500,1000 
and 2000 Hertz because the sounds of 
human speech mostly occur in this -4 
range. The minimum intensity of a 
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Noise—an environmental pollutant 
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Tabi* 1. tntoiwmw of community ndse 


Range otdB 

Source of ntrite 

Minimum distance 
(meters) 

6(X-70 

Ordinary convemtton 

3 

80-80 

Haavy traffic (trucks. 

16 


motors, cycles) 


140-150 

Jot Engines 

330 


clearly established, except perhaps 
for a gradual loss of hearing acuity. In 
fact, some of the hearing loss attri¬ 
buted to ageing may be caused by the 
noise level of the community environ¬ 
ment. One study has shown a much 
lower hearing loss with age in a sam¬ 
ple of primitive African males in 
Sudan than m American males stu- 


sound that can be heard is called 
hearing threshold. When there is a 
shift in the hearing threshold of an 
individual, his hearing potential is 
affected and may ultimately be lost. 

As early as in 1914, it was reported 
that prolonged exposure to high- 
pitched noise caused hearing loss 
They were most prevalent amongst 
• loom tenders, spinners, railway engi¬ 
neers and telegraphers. The reverber¬ 
ating noise experienced by broiler- 
makers and structural riveters had 
resulted in 'deafness' and, in the former 
case, has been named as "broiler- 
maker's deafness syndrome ” 
It was recognised that the cause of 
hearing' loss was due to damaged 
nerves in the inner ear, the damage 
being most pronounced for high than 
low tones. Hearing loss immediately 
after exposure to noise isgreater than 
after a period of rest away from noise. 

Hearing loss may be of two types, 
one is acoustic trauma, i.e.. severe 
damage to the interior structure of the 
ear caused by a blast of explosion. It 
may take about 6-8 months to 
p become permaneht and may be cor¬ 
rected by surgery depending on the 
severity of damage. Another type of 
hearing loss, which is more severe 
than acoustic trauma, is due to a shift 
in the hearing threshold. Apart from 
affecting hearing, noise can also lead 
to other physiological alterations in 
the, body such as muscle tension, 
constriction of blood vessels, increase 
in ^ulse rate, etc. These changes 
result'in cardiovascular, endocrine, 
neurologic and other dysfunctions. 
On the job or in everyday life, noise 
interferes with recognition of sound 
signals. One may even fail to hear sir¬ 
ens or alarms. Noise interferes with 
sleep and disrupts normal patterns of 
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animal existence. 

Noise may bring about certain 
behavioural alterations. Continuous, 
moderately high levels of noise can 
be irritating particularly if the noise is 
high pitched The irritation is a sub¬ 
jective feeling of annoyance or dis¬ 
comfort and may result in a decrease 
in efficiency if one is trying to concen¬ 
trate, and in frustration if one is trying 
to hear a meaningful sound such as 
conversation or music. This kind of 
irritation is worse if the noise is inter¬ 
mittent than if it is steady because 
adaptation to ambient noise occurs 
fairly rapidly and the initial discom¬ 
fort disappears. In fact, the absence 
of accustomed noise may be as physi¬ 
ologically disturbing as the appear¬ 
ance of unaccustomed noise. There is 
no evidence that annoying levels of 
ambient noise produce any long-term 
adverse effectsand causeadiagnosa- 
ble mental illness. 

On the other hand, there is no 
doubt that sonic booms and noises 
from traffic, aircraft and other com¬ 
munity sources are serious detrac¬ 
tors. When there is a community 
consensus that these noises are pub¬ 
lic nuisance, there are grounds to 
seek their abatement even though 
health effects may not have been 


died at Wisconsin State Fair But a 
similar study of another primitive Afri¬ 
can group in Guinea failed to reveal a 
marked difference Genetic and other 
factors may, therefore, be of major 
importance in the variation of hearing 
loss with ageing 

In a nutshell, noise is an environ¬ 
mental problem that requires along 
with chemicals, radiation, urbaniza¬ 
tion, etc., a community layout, land 
use, transport systems and other 
plans General principles of environ¬ 
mental control are applied easily tc 
noise-problem, for example, elimi¬ 
nate the source by substituting less 
noisy equipment Jet exhausts can be 
modified to produce less noise. 
Workers in industries could possibly 
use ear-plugs The noise produced by 
transportation, lawn mowers and 
construction equipment could be 
reduced by modifying thegenerators 
Appropriate material in buildings 
could also be used to prevent entr¬ 
ance of noise in them. Noisy opera¬ 
tions should be conducted in an open 
space, far off from any residential 
colony. 

R.C.Sobti Preeti 

Department of Zoology 
Panjab University 
Chandigarh 
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BOOK REVIEWS 


MINDSTEPS TO THE COSMOS by 

Gerald S. Hawkins. Souvenir Press 
(Available with: Rupa & Co., 3831, 
Pataudi House Road, Daryagan), New 
Delhi-110CX)2). Pp.340. Rs. 157.00 
(Hardbound) 

H ere is a book which gives the 
history of astronomy in a totally 
novel capsule. It divides the develop¬ 
ments in astronomy into five major 
what the author calls "Mindsteps" He 
considersa mindstep to be "a massive 
change of thinking that alters tbe rela¬ 
tionship of humans to the cosmos" 
The Mindstep 0 was taken when man 
began to draw pictures and symbois 
on the wall of his cave after watching 
the star-studded vault of heaven 
which was regularly traversed by the 
Sun and Moon. The Mindstep 1 was 
taken when man began to write myths 
and legends about the Gods and 
Goddesses, the Sun, Moon and 
planets that he saw in the sky, and 
built temples to mark their journeys. 
The Mindstep 2 occurred when in the 
ancient Greece man began to take the 
Sun, Moon and planets for what they 
are—simply objects in the sky, and 
began to think about their move¬ 
ments. At the Mindstep 3, man rea¬ 
lised his position in the solar system 
and at the Mindstep 4 he began to 
launch rockets aimed at the heavenly 
objects, namely, the Moon anc 
planets, which he had till then only 
deitified and admired. What about the 
Mindstep 5 yet to follow? The author 
claims that probabie event would be 
the establishment of the contact of 
human beings with extraterrestrial 
beings, probably around 2021 A.D.,if 
the aforementioned dates of Mind¬ 
steps are any indication. 

The author of the book is an emi¬ 
nent astronomer who has written a 
number of other popular books on 


astronomy. Anybody reading this 
otherwise nicely produced and lucidly 
written book would certainly enjoy it 
but there are certain issues with 
which he may not agree with the 
author. First, the very division of 
astronomical developments into sev¬ 
eral mindsteps appears to be looking 
at the world in a narrow, astronomy- 
biased perspective neglecting all the 
contemporaneous developments. For 
instance, Einstein’s General Theory 
of Relativity certainly changed our 
perspective towards the cosmos we 
live in. The author however says that it 
is certainly a mindstep but not of the 
major kind. It is something like a 
Mindstep 3.1 Secondly, the author 
has gone to great lengths to explain 
the various myths and legends of the 
past to show that they were nothing 
but memory devices to transmit astro¬ 
nomical knowledge. Even the zodiac 
signs, claims the author, tell a story! 
Perhaps, due to his own research on 
these lines, he got carried away. Had 
he given only the final interpretation 
and results without giving all the 
activities that went on in the back¬ 
ground, the first six chapters that deal 
with the Mindsteps 0 and 1 would 
have been for more interesting to start 
with than what they are now. 

Although this reviewer found the 
first six chapters unsettling and tiring 
due to unnecessary details, they were 
the ones he found original in content 
and intellectually more stimulating. 
The rest is pure history often available 
in other popular science books. In the 
first six chapters, the author has 
clearly shown how the myths and 
legends of the past regarding heroes 
and heroines such as Gilgamesh, 
Quetzalwatl, etc., are not stories of 
the dimly remembered past but an 
ancient way of recording facts of cos¬ 
mos. In fact, one is amazed to see the 
analogies after the legends are ana¬ 
lysed and interpreted in terms of 
astronomy. The author says that the 
early investigators missed this point 
because they were not astronomers 
who loved mathematics and numbers. 
He further adds that there is a need to 
interpret several other legnedary 
tales too in this manner. He has also 
shown in the book that ancient tem¬ 
ples or buildings such as the Stone- 
hengs, pyramids, etc., were also 


constructed in a manner suited to the 
needs of astronomer-priests. His 
Mindstep theory fits neatly in those 
dim days of ancient past when two 
contemporary societies of England 
and Egypt, though diverse in all other 
aspects, responded exactly in the 
same manner to the Sun and the 
Moon. 

The book is an excellent popular- 
iser of astronomy. 

Dilip M. Salwl 


STEP-BY-STEP PROGRAMMING 
BBC MICRO, BOOK I AND BOOK II 

by Ian Graham, Dorling Kindersley, 
London (Available with: B.l. Publica¬ 
tions Pvt. Ltd., 54, Janpath, New Delhi 
110001) Pp.64 each £5.95 each 
volume (Special Indian price: 
Rs. 50.00 each) 

M icrocomputers are versatile 
machines that have changed 
lifestyles in many western countries. 
They have not only taken the tedium 
out of many household and office 
chores, but have also added a new 
dimension to home entertainment iri 
the form of computer games and 
computer graphics In schools they 
have revolutionised teaching. Using 
microcomputers students today learn 
faster and better than those taught by 
old fashioned methods. 

But before a student can use a com¬ 
puter, he had to learn how to ‘pro¬ 
gram’ it. He has to learn computer 
language. There are several compu¬ 
ter languages in use, but most micro¬ 
computers today use what is known 
as Beginners' All-purpose Symbolic 
Instruction Code, or BASIC in short. 
The two volumes under review pres¬ 
ent step-by-step instructions for pro¬ 
gramming and operating the BBC 
Micro using BASIC. 

As a practical guide, the two 
volumes are unique inthat they havea 
large format (21.5 cm x 28 cm) and are 
profusely illustrated with actual shots 
from monitor screens; (There are 
more than 150 of them in each 
volume). They show exactly how a 
programme or instruction would 
appear on the screen at the time of 
actual use. Even possible errors are 
shown as they would come up on the 







screen. It isa completely newconcept 
In the field of teach-yourself compu- 
tlno. 

30 two-page chapters of Book I deal 
mostly with the preliminaries. It 
opens with an introduction to the 
BBC Micro and its operation followed 
by instructions for arithmetical oper¬ 
ations like addition, subtraction, mul¬ 
tiplication, etc., based on simple 
commands. Next comes the program 
writing part. Five chapters describe 
how to write simple computer pro¬ 
grams in BASIC, how to check them 
and correct mistakes, and also how to 
converse with the computer. Eight 
chapters are devoted to computer 
graphics including three on colour 
graphics and simple animations. 

* Thereisalsoachapteroncompilinga 
data bank and writing sub-routines. 
Preliminary though, they will be use¬ 
ful for the beginners. 

Book It deals with a little more 
advanced computer applications 
including drawing curves and circles, 
three-dimensional graphics and writ¬ 
ing progams for drawing bar charts, 
pie-charts, complex graphs and the 
like. Three chapters are devoted to 
writing computer games. Both volumes 
have a glossary and index at the end. 

With the introduction of microcom¬ 
puters for teaching in Indian schoois 
under the computer iiteracy and stu¬ 
dies in Schools (CLASS) project, 
there would be obvious need for well- 
written practical guides to computer 
' programming. The two-volume Step- 
by-step Programming BBC Micro 
would ideally meatthatneed. Besides 
its simple and easy-to-foilow text and 
superb illustrations, the heavily 
reduced price would be particularly 
attractive to Indian buyers. 

BIman Basu 


QRAMMATICAL MAN by Jeremy 
Campbell, Panguin Books (Available 
with: Panguin Ovaraaas Ltd., 706. 
Eros Apartments, 56, Nehru Place. 
New Delhi-110019), Pp. 319, £ 3.95 

H OW does life appear on earth in 
so many forms? How were thecle- 
ver, wise and inquisitive human 
beings evolved? How were their spe¬ 


cial brains evolved? How did the brain 
evolve a grammar and a language? 
These are some questions that intrigue 
a biologist. One would besurprisedto 
know that these questions are not 
related to biology alone. They are of 
great concern to information scient¬ 
ists too who are engaged in divising 
new ways and means to pass mes¬ 
sages from one point to another more 
quickly, efficiently and economically. 
After all, how does a living being 
come into being unless the messages 
in its genes are encoded, transmitted 
and decoded to reproduce it? Today, 
nature is interpreted not simply in 
terms of matter and energy, as it was 
done until a few decades ago. butalso 
in terms of information. Unless informa¬ 
tion is available on how to mould 
energy and matter into particular 
form, there is no meaning to the avail¬ 
ability or non-availability of energy or 
matter. 

However, information as a science 
came into being not due to the obser¬ 
vations of a biologist, although from 
the hindsight one can call Aristotle 
the pioneer, it was an engineer 
Claude Shannon of the Bell Tele¬ 
phone Laboratories, USA. who gave 
birth to the discipline merely on the 
basis of his set of now famous theo¬ 
rems conceived in 1948. His theo¬ 
rems have been used to solve some 
problems appearing in transmission 
of signals in colour TVs, in designing 
early warning raders, and in extrac - 
ing messages from signals sent by a 
spacecraft in space, etc. But in course 
of time, they have been found to have 
wide universal implication wherever 
the question of transmission of 
information from one point to artother 
was concerned. They have particula¬ 
rly thrown light on the structure of the 
universe, evolution of life, language 
society, etc. Although the book under 
review gives a brief glimpse of these 
varied applications of information 
science, the main emphasis is on what 
niakes'a language so varied and crea¬ 
tive and lyhat role grammar plays In 
maintaining Ittdbeso.Tosay inafew 
words, the book claims, on the basis 
of various experiments and theories, 
that human beings are basically 
grammatical In nature, the grammar 
acjting ^entiaily as a code for effi¬ 
cient and economical communlca- 
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tions among them. 

Written in a lucid and attractive 
style, the book first discusses in 
details the birth of information science, 
its modern pioneers such as Claude 
Shannon and Nobert Weiner and then 
switches back to the times of Sadi 
Carnot, James Clark Maxwell and 
James Bernoull i, who laid the founda¬ 
tions of the subject in their own inge¬ 
nious ways. After discussing the 
elementary ideas of statistics, proba¬ 
bility theory, randomness and entropy, 
it goes on to Shannon's theorems in 
detail. From the theorems, it leads the 
reader to the role of information 
science in nature, showing exquis¬ 
itely how information theory models 
can be used to explain the evolution 
of life and the eventual emergence of 
man. Eventually come the intriguing 
questions about the origin of grammar 
in human brainand how the latter pro¬ 
cesses information. It sheds much 
interesting light on the prolific crea¬ 
tivity of languages, how human 
memory works and the limitations of 
the human mind. At one place, it 
unequivocally shows that the higher 
purposes of human brain can never 
be emulated by any super computer. 

The book is thought-provoking, 
entertaining, and refreshing. 

Dlllp M.Salwi 
BASIC CONCEPTS OF ANALYTICAL 
CHEMISTRY by S. M. Khopkar, Wiley 
Eastern Ltd., Publishers, 4835/24, 
Ansari Road, Oaryaganj, New Delhi 
110002, pp. XVK368, Price not men¬ 
tioned. 

T he extensive developments of 
instrumental methods for elemen¬ 
tal and for structural analysis in the 
past three decades has causeda vast 
reduction intheteachingandstudy of 
volumetric or gravimetric methods of 
analysis in many colleges and univer¬ 
sities. The existing books on arwlyti- 
cai chemistry'have either stressed too 
much details of classlca'l gravimetric 
and volumetric analysis or have over 
emphasised the role of instrumental 
analysis. This volume is a blend of 
classical and instrumental methods 
of chemical analysis and may help 
redress the balance. It is designed to 
be used as a text book for postgradu¬ 
ate courses for both main stream and 
ancillary courses. 
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The first few chapters give brief but 
reasonably thorough accounts of 
newer separation methods including 
solvent extraction as well as novel 
chromatographic methods. This 
includes gas chromatography, high 
performance liquid chromatography 
and ion exchange methods The 
approach is quantitative and numeri¬ 
cal supported by numerous fully 
worked out examples and tabular 
materials. Instrumental methods ar^-. 
neatly introduced via the common 
ground of working curves and method 
of standard additions. The instrumen¬ 
tal methods included were chosen on 
the basis of being those most likely to 
be met with and used by postgradu¬ 
ates They include spectroscopic 
methods such as UV, visible IR. AAS, 
molecular luminescence methods, 
the techniques used forelucidation of 
structure such as NMR, ESR. mass 
spectrometry, optical rotatory disper- 
son (ORD) and circular dichromism. 
The important electroanalytical 
methods like potentiometry, polaro- 
graphy, conductometry and coulo- 
metry along with ion selective elec¬ 
trodes are adequately covered. Other 
modern physico-chemical techniques 
of analysis included are thermoana- 
lytical, radiochemical methods and 
conclude with a discussion of labora¬ 
tory automation. 

The source of material in his book is 
well referenced. Based updh the 
author's teaching course at Indian 
Institute of Technology, Bombay, the 
text reaches its target effectively The 
author has written a book which in 
many ways is unique and can be 
warmly recommended*as a worth¬ 
while addition to the literature of ana¬ 
lytical chemistry. 


S.D. Panwar 


THEORY AND PRACTICE OF ANI¬ 
MAL TAXONOMY by V.C. Kapur. 1963, 
OxtordA IBH Publishing Co., 66, Janpth 
New Delhi 110 001. Pp. 220, Rs. 19.50 

A glance over the references listed 
in this work would reveal that there 
is no dearth of reviews on the princi¬ 
ples of animal taxonomy. Then, why 
this, another book? The author has 
justified the undertaking on the ground 


that there exists no Indian book on 
the subject. While it is true that for¬ 
eign publications are too highly 
priced, and to this end an indigenous 
product such as this should'be wel¬ 
come, it is disappointing that the 
present work* by ho means, comes 
anywhere near a comprehensive trea¬ 
tise such'as Ernst Mayr's PhncipiBSof 
Systematic Zoology, published in 
1969. Ithas.ontheotherhanda'made 
easy' look, typical of the stuff dished 
up in book stores as examination 
guide material. Nevertheless the book 
under review may succeed in opening 
the right door for the uninitiated and 
serve to stimulate the taxonomic 
thought at the undergraduate level 
itself. This is peremptory in view of 
the hard fact that systematic zoology 
in our curricula takes a back seat des¬ 
pite the enormity of faunal wealth of 
the Indian subcontinent and the rich 
potential it holds for evolutionary 
biology studies. 

A paperback in demi octavo size, 
the book has an attractive exterior 
However, for its continued accepta¬ 
bility in future, the book will have to 
be rewritten citing as many local 
examples as possible (to sustain the 
claim of its Indianness) and enlarging 
on modern topics, such as DNA 
hybridization. Also, half-tones will 
have to be done on art paper, and 
English expression checked by an 
expert. 

The book is worth a trial in any 
case. 

B.S. Jangi 


INTRODUCTION TO NUCLEAR 
SCIENCE by M. N. Sastri, Affiliated 

East-West Press Private Ltd., 104 Nir- 
mal Tower, 26, Barakhamba Road, 
New Delhi, Pp. 169, Rs. 17.00 

T he phenomena of radioactivity 
discovered some ninety years ago 
undoubtedly marked the beginning 
of a new era in physics. It was this dis¬ 
covery which prompted scientists to 
peep into the world of atomic nucleus 
uncovering its structure and explor¬ 
ing its various properties. In fact, 
many suggestive discoveries about 
the atom such as isotopic constitu¬ 
tion, artificial disintegration, induced 


radioactivity, etc., were a result of this '* 

remarkable phenomena. Nuclear science 
and techniques have now profound 
impact on all branches of science. 
Therefore, it becomes necessary for 
students and workers in all fields of 
science to get themselves acquainted 
with the basic information about this 
discipline. The present book has been 
written primarily to meet this require¬ 
ment. 

Running through ten chapters, the 
book is an attempt to familiarise the 
readers with the basic concepts and 
principles of nuclear science. The 
book opens with a historical introduc¬ 
tion to the phenomena of radioacti¬ 
vity. Nuclear structure is discussed in 
chapter 2 while chapter 3 is con- 
cerned with the laws of radioactive 
decay. Nuclear reactions are treated 
in chapter 4 while the various radioac¬ 
tive decay processes are described in 
chapter 5. Interaction of radiation 
with matter forms the subject matter 
of chapter 6 Detection and measure¬ 
ment of nuclear radiations are given 
covera'ge in chapter 7 Theory of 
nuclear fission and description of 
nuclear reactors are included in 
chapter 8 while chapter 9 discusses 
the chemical and biological hazards 
of radiations The concluding chapter 
10 is devoted to the applications of 
radionuclides including their uses in 
medicine, biology and agriculture. 

The book has been written in a very 1 
easy-to-follow style. The presenta¬ 
tion is lucid. The mathematics used is 
simple. Some worked examples are 
also included in the various chapters 
which besides increasing the utility of 
the bo<7k also help in the better under¬ 
standing of the topics. However, 
unfortunately, in chapter 4 some mis¬ 
takes have crept in development 
of equations (4.fa) to (4.2) which 
can create some confusion. The 
reviewer hopes that they will* be 
removed in the new edition of the 
book. Also, at several places the word 
“radicle” has been erroneously used 
in the book which looks very awk¬ 
ward. However, these are very minor 
points which can be easily taken care 
of the readers will certainly find the 
book useful and interesting and will 
benefit from it. It can also serve as a 
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reference book for general as well ae 
research purposes. 

P.K.NIukheriee 

CHEMISTRY FOR CLASS XI by N.R. 
Bannerjee, R.K. Trikha and NK 
Nayar, Tata McGraw-Hilt, 12/A, Asaf 
All Road, New Delhi-110002, 1963, 
Pp. 324, Rs. 24,00 

HIS book which is based on the 
class XI syllabus of the Central 
Board of Secondary Education, Delhi, 
IS primarily intended to serve as the 
bridge course forclasses IX,X and XII 
of the 10+2 system. Both standards 
and syllabi have changed a lot and 
much needs to be done to make learn¬ 
ing a pleasure and not the drudgery it 
has become, Keeping in view the level 
‘ of understanding and capacity deve¬ 
loped by the students to grasp the 
subject at earlier course, authors have 
succeeded in presenting the concepts 
of chemistry in systematic sequences. 
Each chapter is independent by itself 
and cross-references have avoided 
First chapter on structure and scope 
of chemistry sets the scene for nine¬ 
teen chapters strictly adhering to the 
syllabus prescribed by CBSE This 
synchronised treatment of subjects 


projects chemistry as a rational sub¬ 
ject and not merely as an assortment 
of unconnected facts. 

Throughout the text, examples and 
illustrations have been provided to 
explain the bonds between var¬ 
ious atoms or groups according to 
modern approach. Concept of orbital 
overlap in bond formation, hybridisa¬ 
tion, shapes of molecules and an ele¬ 
mentary treatment of metallic and 
hydrogen bonds have been ade¬ 
quately dealt with according to elec¬ 
tronic configurations. A large number 
of objective-type questions which are 
becoming popular have been appen¬ 
ded after each chapter so as to give 
the student an opportunity to test his 
knowledge. Based upon the authors’ 
long experience of teaching, this text 
IS sure to be useful to students. One of 
the authors Dr.Bannerjee is the co¬ 
author of Chemistry for Class XII 
(Tata McGraw-Hill) which is recom¬ 
mended by the CBSE. Like his first 
book the book under review may also 
be recommended by CBSE. 


S.O. Panwar 
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Books Rocolved 

1. PETROLOGY OF DECCAN TRAPS 
AND BAQH BEDS OF OUQOHA* 
NA8WADI. GUJARAT by L. G. 

Gwalani,Soma/ya Publications Pvt. 
Ltd., 172 Mumbai Marathi Grantha- 
sangrahalaya Marg, Dadar, 
Bombay-400014. Pp. 107, Rs. 05 

2 COMPUTERS ANDTHEIR'USE: AN 
INTRODUCTION-Toach Your¬ 
self Books (Available with; B.l. 
Publications, Promotion [depart¬ 
ment, 61-63 Lakshmi Building, 4th 
Floor, Sir Phirozshah Mehta Road, 
Bombay-400001), Pp. 168, £ 2.50 

3 WORD PROCESSING WITH THE 
SINCLAIR QL by Mike O’Reilly 

(Available with. B.l Publications 
Promotion Department, 61-63 
Lakshmi Building, 4th Floor, Sir 
Phirozshah Mehta Road, Bombay- 
400001). Pp. 170, £6.95 

4. INTRODUCING THE SINCLAIR 

QL by Garry Marshall (Available 
with: B.l. Publications, Promotion 
Department 61-63 Lakshmi Buil¬ 
ding, 4th Floor, Sir Phirozshah 
Mehta Road, Bombay-400001), 
Pp. 175, £6.95 



Corrigenda 

Ref S.R, October 1984,The fascinating geckos, P.547,legend for Fig.2, Read Eublephaiis macularius For Euble- 

phans macuiarious t 

Ref. S.R.. September 1984, Themonuclear power an answer to energy crisis; P 451. second column, I3th iineirom 
bottom Read plane For place, P 452 second column 9th line from top Read US $2x10" For 2x10". P.490, Further 

reading No 10, Read (1934) For (1945) . o 

Ref. S.R., Sept. 1984, On positioning of satellites, Pp 438-439, ReadFigurelegendsas; Fig.1 Attitude control, rig 2 
Satellite orbits. Fig 3. Periods and volocities in orbit. Consequently in text Read Fig 2. For Fig 1., Fig.3ForFig.2.and 
Fig.1 For Fig.3. 
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C SIR SCIENTIFIC 
PERIODICALS 


JOURNAL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH (Morthly) 

With a fine record of over 45 years' service to the scientiTic 
coininunily. this journal has grown into India's leading general 
science periodical Intended to fulfil the responsibility of helping 
the research workers to keep themselves abreast of current 
developments in vanous fields of science and technology, the 
journal carries editonal features highlighting imporunt scientific 
events in India and abroad, articles on science policy and 
management of science review articles on topics of current research 
interest, technical reports on international and national 
conferences, reviews of Sdentific and technical publications, and 
notes on major advances in vanous fields 

Annual subscnption Rs 120 00 $ 40 00 £ 23 00 

Single copy 12 00 4 00 2 30 

INDIAN JOURNAL OF CHEMISTRY (Monthly) 

Section A Started in the year 1963, the journal is devoted to papers 
in Inorganic, Physical. Theoretical and Analytical Chemistry 

Annual subscription Rs 160 00 $ 53 00 £ 30 00 

Single copy 16 00 5 30 3 00 

Section B This journal is devoted to papers in Organic Chemistry, 
including Medicinal Chemistry 

Annual subscnption Rs 160 00 $ 53 00 £ 30 00 

Single copy 16 00 5 30 3 00 

INDIAN JOURNAL OF PURE & APPLIED 
PHYSICS (Monthly) 

Started in the year 1963, this journal is devoted to original research 
communications (lull papers and short communications) in all 
conventional branches of physKS (except radio and space physics) 

Annual subscription Rs 180 00 $ 60 00 £ 34 00 

Single copy 18 00 6 00 3 40 

INDIAN JOURNAL OF 

RADIO A SPACE PHYSICS (Bimonthly) 

The journal, which is being published beginning from March 1972. 
IS intended to serve as a medium for the publication of the growing 
research output in various areas of radio and space physics, such as 
ionospheric propagation, magnetosphere, radio and radar 
astronomy, physics and chemistry of the ionosphere, neutral 
atmosphere, airglow. winds and motion in the upper atmosphere, 
stratosphere-mesosphere coupling, ionosphere-magnetosphere 
coupling, solar-ierrestrial relationship, etc 

Annual subscription Rsl(X)(X) $ 34 00 £19 00 

Single copy 20 00 6 80 3 80 

INDIAN JOURNAL OF TECHNOLOGY 
(INCLUDING FJNGINEERING) (Monthly) 

This journal publishes papers reporting results of onginal research 
of applied nature pertaining to unit operations, heat and mass 
transfer, products, processes, instruments and appliances, etc. The 
journal is of special interest to research workers in departments of 
applied sciences in universities, institutes of higher technology, 
commodity research laboratories, industrial cooperative research 
institutes, and industrial research laboratones. 

Annual subscription Rs 120 00 $ 40 00 £ 23 00 

Single copy 12.00 4 00 2.30 

INDIAN JOURNAL OF 
EXPERIMENTAL BIOLOGY (Monthly) 

This journal, devoted to the publication of research 
commumcations in the fields of expenmental botany, zoology. 


microbiology, pharmacology, endocrinolofy, nutrition, etc., is the 
only one in India with such a wide coverage and scope 

Annual subscription Ra 180.00 S 68.00 £ 34.00 

Single copy 18.00 6 80 3.40 


INDIAN JOURNAL OF 

BIOCHEMISTRY & BIOPHYSICS (Bimonthly) 

This journal, published in association with the Society of 
Biological Chemists (India). Bangalore, is the only research journal 
in Indui devoted exclusively to onginal research communications 
in biochemistry and biophysics 

Annual subscnption Rs 65.00 $ 23 00 £ 12 00 

Single copy 13 00 4.60 2 40 

INDIAN JOURNAL OF MARINE SCIENCES (Quarterly) 

Commencing publication from June 1972, this journal is devoted 
to research communications (full papers and short com¬ 
munications) pertaining to various facets of marine research, viz 
biological, physical, geological and chemical oceanography 

Annual subscnption Rs 90 00 $ 30.00 £ 17.00 

Single copy 26.00 8 70 5.00 

RESEARCH AND INDUSTRY (Quarterly) 

Intended to serve as a link between science and industry, this 
journal is addressed primarily to technologists, engineers, 
executives and others in industry and trade It publishes 
informative original articles containing practical details of 
processes and products devoted in India, which show promise of 
ready utilization, and technical digests on new processes, products, 
instruments and testing methods which are of interest to industry 
Developments in Indian industry are regularly reported 

Annual subscription Rs 70.00 $ 23 00 £13 00 

Single copy 22 00 7 00 4 00 

INDIAN JOURNAL OF TEXTILE RESEARCH (Quarterly) 

Commencing publication from March 1976, thisjournal is devoted 
to the publication of papers reporting results of fundamental and 
applied researches in the field of textiles 

Annual subscription Rs 50 00 $1700 £1000 

Single copy 15 00 5 00 3.00 

MEDICINAL A AROMATIC PLANTS ABSTRACTS 
(Bimonthly) 

Carnes informative abstracts of scientifa; papers published in 
important Induin and foreign journals relating to different aspecu 
of medicinal and aromatic plants Each issue contains about 350 
abstracts with a subject index 

Annual subscnption Rs 120 00 $ 40 00 £ 23 00 

Single copy 24 00 8 00 4.60 

CURRENT LITERATURE ON SCIENCE OF SCIENCE 
(Monthly) 

Carnes abstracts, digests, book reviews, news A notes and RAD 
statistics with emphasis on problems of SAT in developing 
countries, it also covers the areas of Kience policy, RAD planning 
and management, technology transfer, technology assessment and 
science and society 

Annual subscnption Rs 100.00 $ 30.00 £ 12.00 


Please contact 

Manager (Sales & Advertisement) 
PUBLICATIONS & INFORMATION 
DIRECTORATE, CSIR 
Hillside Road, New Delhi-110012 
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LETTERS 


MMl-rliiMd water awaatena frulto of 
Pwnfea gnimtum L (Anar) 

Sir, P. gnnatum is the monotypic 
genera belonging to the family 
Punieaceae. A survey of literature 
reveals that use of meat-rinsed water 
to IrtcreaM sweetness of fruits of this 
plant has been described for the first 
time, in addition, the various parts of 
,the plant are medicinally important. 
The root bark and stem bark are ast¬ 
ringent and anthelmintic, whereas 
rind of the fruit in combination with 
ardmatlcs like cloves, etc., is useful fh 
dysentery. Dried seeds are used in 
stomachache. Bark contains various 
alkaloids iika pelletierine, pseudopel- 
letiarlne, iso pelletierine and methyl 
pelletierine (Chopra ef a/., 1956). 

People in various parts of Haryana 
have been getting fruits of P. grana- 
Hjm significantly sweeter than the 
normal ones with application of meat- 
rinsed water in their kitchen gardens. 
The approximate dose per plant is 1-2 
litres; one at the interval of one week. 
Usually these people put meat-rinsed 
water at the base of the plant two 
months before the flowering seaspn. 
The meat-rinsed water given plants 
yield several times sweeter and dark- 
red edible part of the seeds than those 
which have not been given this water. 
The. former are more delicious than 
the latter. 


SMv Osrshan Lai 

Daptt. 0 / Biology 
Maharlahl Pharmacy Cotlaga 
Taraori~132116 
Samer Jil Singh 
Daptt. of Hindi 
Qovt. Collaga.Kalka (Haryana) 


Thyroid henaortes 

Sir, I enjoyed reading The enig¬ 
matic thyroid hormones by V.K. 
Pathak and A.K. Pali (S.n., O^ober 
1984) but I would like to point out that 
the list given by the authom enumer¬ 
ating the symptoms produced by 
hypothyroidism is not comptete. 

Clinical features of primary hypo¬ 
thyroidism also include vague, gener¬ 
alised pains, deafness, impairmeht of 
memory, tingling sensation in the fin¬ 
gers and delayed relaxation of tendon 
jerks. Anaemiaand pain in muscles or 
joints are the less commonly found 
features which in late stage culminate 
in ‘myxoedema madness' (with psy¬ 
choses and hallucinations) and 
conta. 

Secondly. I would like to add that 
the curious thing which escaped the 
authors' attention is the occurrence 
of hypothyroidism more frequently in 
women than in men, the ratio being 8 
to 1. Hypothyroidism, too, mainly 
affects middle-aged females, 
although it can occur in either sex at 
any age. These things. Intar alia. 
make thyroid and its hormones a real 
enigma. 

Rafarencaa 

1. Lee, J. A Laycock, J.. Essential 
Endocrinology, Oxford : pxford 
Medical Publication (1978). 

2. Hall. R.. Anderson ef al., Funda¬ 
mentals of Clinical Endocrino¬ 
logy, London : Pitman Medical 
(1980). 

Tsrtq Watt 

J.N. Medical College 
A.M.U.. Aligarh-202001 


Revolving numbers 

Sir, The Revolving numbers and 
revolving paire (S.P., Sept. 1964) 
claimed to have been discovered by 
A.K. Sahu with thehelpofacalculator 
by trial and error has actually been 
pirated from the book Vedic Mathe¬ 
matics by Jagadguru Sankaracharya 
of Puri published by Motilal Banerasi- 
das, 41-UA, Bungalow Road, Oeihi-7 
in 1965. 


The first revolving number 142857 
is nothing but the recurring decimal 
fraction of Iff. StmiteHy. the seeond 
and third ravoivlnjg numbers of 18 artd 
18' digits respectively, viz., 
1176470588235294 and 

1052631^78944736842 are the recur¬ 
ring decimal fractions of 2/17 and 
2/19. 

As regards the revolving pair, the 
fraction of 1/13 >.076923153846 has 
been cjivided into two pairs as 
X/076923 Y/153846 such that one Is 
double of the other. The other revolv¬ 
ing pairs have also been copied from 
the said book and reproduced in the 
article. 


J.P. Malik 

172 B. LIQ Flats 
Mayapurl, New Delhi 

The fusion remedy 

Sir, Many scientists visualise it as 
the ultimate answer to the energy cri¬ 
sis which the world is undergoing 
nowadays. It actually promises limit¬ 
less energy and perhaps more, but 
poses the greatest and most difficult 
technological challenge ever faced 
by mankind. What is it that creates so 
much ‘energy’ in us, which marks a 
now epoch in nuclear physics? It is 
indeed nuclear fusion. 

Fusion is the process that makes 
the sun and stars burn, and it provides 
the hydrogen bomb with such powers 
that it can disrupt all human activity 
for ages together. Unlike the familiar 
fission reaction, which splits the 
heavy atoms, a fusion reaction joins 
the nuclei of two light atoms, in this 
case deuterium (heavy hydrogen) 
and tritium (atorr.ic welght-3} forms 
of hydrogen. In both cases toss of 
mass results and tremendous energy 
is released. 

To achieve fusion, scientists must 
recreate the extrema conditions that 
exist inside the sun, where heat redu¬ 
ces matter to an ionised gas called 
plasma. 

Fusion offers immense advantages 
over our modem fission reactors. But 
fusion technology is so complex that 
some scientists feel that it will never 
be inexpensive to use. In any case it 
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<»n be Mid confidently that commer¬ 
cial fuaion will not come before the 
year 2000 A.D. 

K. Ramehandren 
Senloeh Chewdhtiry 

Champion School, Bhopal (M.P.) 

Rabtoe 

Sir, Ref. the article Rabies and dogs 
by P.A. Hamza (S.R., November 
19B4), I would like to add the 
following; 

(i) An ihactivated rabies vaccine 


(human diploid ceils) is the latest of 
its kind. It requires a dosage of only 6 
injections of 1 ml each as post-bite 
vaccination. It is almost painless and 
free from side-effects, it has been pre¬ 
pared by INSTITUTE-MEHTEUX 
Lyon. France, and is now fretfy avail¬ 
able in India. 

(ii) The principle of preventive vac¬ 
cination should basically be followed 
by workers who are exposed to 
repeated risks of Infection such as 
(a) veterinary surgeons (including 
students of veterinary colleges), (b) 


technical personnel assisting veteri¬ 
nary surgeons, (c) laboratory person¬ 
nel who handle material contamina¬ 
ted by the rabies virus, (d) personnel 
of slaughter houses and meat prepa¬ 
ration units, (e) animal dealers, and 
(f) game-keepers, forest rangers in 
areas of enzootic diseases. 


’ Maneesh Tane|a 

CoHaga ot Vatarihary S Animal 
Scianea, 8ikanar-334Q0i 
Raiasfhah 


Attention Readers 

Due to some unavoidable reasons, we have not been 
able to publish issues of Science Reporter for the months 
of Feb. 1985 through May 1985. Subscriptions already paid 
to us will be extended to cover the four skipped issues. 
We request our readers to bear with us. 

—Editor 
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HOW PLASMA MEMBRANE 
FUNCTIONS 

SAROJ LARROYA 
G.K. KHULLER 

nwmbnin* that surrounds a blologicai call plays a vital 
mstabollc rots by rsoulatlng ths passags of molscuiss 
across It 


P LASMA membrane, surrounding 
a biological coil, la not mwely a 
boundary between cellular contents 
and the environment but Is an orga¬ 
nelle capable of regulating diversified 
functions of the celt. Animal cells 
differ from plant, fungal and bacterial 
cells in being devoid of cell-wall. 
However, presence of plasma mem¬ 
brane is universal. Bacterial plasma 
membrane is more complex because 
It also houses respIratory-chaIn (or 
electron transport chain), which is 
present In mitochondria of eukaryotic 
cells. 

To understand functional activities 
of a biomembrane, knowledge of its 
structural organization is very impor¬ 
tant. The first model explaining mem¬ 


brane organization and functions was 
postulated by J.F. Danielli and H. 
Oavson in 1935. However, later many 
other models were put forward. The 
most acceptable model today is the 
Fluid-Mosaic model of S.J. Singer 
and Q.L. Nicolson (1972). According 
to this model, the matrix of a mem- 
43rane is composed of lipid molecules 
arranged in a bIlayer (i.e., two layers) 
while proteins are embedded in the 
bilayer either completely or partially 
(Fig.I.a). Membrane proteins belong 
to two categories; loosely bound 
ones (or peripheral proteins) and 
tightly bound to the lipid bilayer (or 
integral proteins). Some of the inte¬ 
gral proteins may extend across the 
thickness of the membrane. Never- 


theleas,translational.diftu8ionofinte- , 
gral proteins within plane of the 
membrane can occur without aftara- 
tlons in thrtr molecular orientation 
and degree of intercalation into the 
membranes. 

The major lipid constituents of 
cytoplasmic membrane are phospho¬ 
lipids. popularly known as polar lip¬ 
ids. A phospholipid molecule has 
glycerol as its backbone to which two 
fatty acids are esterified at carbon 1 
and 2, while phosphoric acid is esteri¬ 
fied to carbon 3 of glycerol. Further, 
an alcohol group is esterified to phos¬ 
phoric acid to constitute polar head 
group of ^he phospholipid (Fig.I.b 
and c), Examples of various alcohol 
groups are choline, ethanolamine, 
inositol, serine and glycerol. A phos¬ 
pholipid is named after the type of 
alcohol group present, e.g. choline 
containing phospholipid is known as 
phosphatidvich ol i ne. 

Major portion of phospholipids of a 
cell is present in the membrane(s). 
These polar lipids are never stored for 
energy purposes. Non-polar lipids, 
being exclusively fuel lipids, are 
rarely present in membranes. Tri¬ 
glycerides or fats, being highly 
hydrophobic (disliking water), are 
finely dispersed and emulsified 
throughout the cell fluid - In animals, 
fats can be stored in specialized 
tissues to form fat-cells or 


(b) (C) 

X 


0 



I 


CH - CH-CH 

I I 
0 0 
I I 

OsC CsO 
I I 


(to) Chemical stnietiirs of a phos- 
phellpM moieciac (e) Diagrammatic re- 
presenlatlen of a phesphoHpM mdecuie 



Ftg.l. (a) nuld-moaaie model ter membrane atru^ure (a) sugar resMuaselgtycellpids, 
(b) an Integral protein, (c) hydrophobtc zone of the HpM bIlayer and the proteins 
e m bedded, and (d) hydr^lHle zone of the membrane 


■■ . . . . . . . . . . . . .. I . - .. ' ■ 

M* tarroya and Sh. Khullar are In the Dapn. of Biechamlttry, Foal-Qraduata InatltuM of Madtoal Education and haaeareh, Chandigarh-tSOOtZ 


SCIENCE REPORTER 


70 


JUNC1965 




ORDERED (GEL STATE ) DISORDERED (FLUID STATE ) 

Flg.2.Mol>llltl«« of fatty aeW ehalna in tha oniaiatf (flai atata) and diaordarad atata (fluid atala) of Hpid bHayar 


adipocytes; also meant to provide 
insulation for maintenance of body 
temperature. 

Exclusive localization of phospho¬ 
lipids In membranes can beattributed 
to their amphipathic nature.' The fatty 
acyl chains form the hydrophobic 
group while the polar head group 
imparts hydrophillic (liking for water) 
character to the molecule. Therefore, 
polar head groups in the lipid bilayer 
face aqueous compartments white 
fatty acyl chains face each other to 
form the hydrophobic core of the 
matrix (Fig. 1 a). Maximum resistance 
to the entry of hydrophillic and polar 
solutes is offered by this portion of 
the bilayer. Integral proteins also 
show amphipathic nature: the poly¬ 
peptide chai n is so folded In the mem¬ 
brane that only polar groups of the 
constituent amino acids face the 
aqueous compaftment(s) whereas 
nonpolar groups an shielded away. 
Moat of the integral proteins have 
either enzymic functions or solute 
tranfportation functions. 

Membrarfes posseea a variety of 
phoapholipida due to ail possible 
combinations between the conatitu- 
ent fMty acids and polar head (poupa. 
Under normal conditions of tampem- 
tura, membrane components exhibit 
* vary^ degraoa of mobiiity (or fluid* 
Ity). Qeneraily. an unsaturated tatty 
aoM is#aaent at carbonEwhile satu¬ 


rated fatty acid Is at carbon 1 of the 
glycerol residue in a phospholipid 
molecule. However, presence of 
phospholipids having cis-unsaturated 
fatty acids at both the positions (car¬ 
bon 1 and 2) of the glycerol backbone 
results in a more fluid membrane. 
Presence of a double bond (cis form) 
produces a bend ora kink of about 30° 
in configuration of the fatty acids 
(Fig. 3) and also lowers melting point 
of the unsaturated fatty acids, as 
compared to its analogous saturated 
fatty acid. 

Lowering of melting point of mem¬ 
brane phospholipids by increased 
abundance of monounsaturated or 



diunsaturated (cis form) fatty acjfds 
results In a more fluid membrane, 
even at normal temperatures. An 
. analogy can be cited to explain why 
the membrane lipids having cis- 
unsaturated fatty acids are more fluid. 
Natural oils (e.g., vegetable oils) are 
liquid at room teTnperature because 
of predominance of unsaturated fatty 
acids, however, on hydrogenation 
(double bonds are abolished) these 
oils turn Into a solid mass at room 
temperature (e.g., vanaspati ghee). 
When the ambient temperature falls a 
condition may arise when mObillt/of 
fatty ^acyl chains of phospholipids 
gets 'restricted and -consequently 



Fig,*. Otogrammalle repneenlalton of (a) CtSHnenounsaturaiad. (b) Cis-dlunMituniwi. 
(e) TiensHnoneufiaaturetad and (dtSabnalad fatty aeW 
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nvMnbraiM ptmiMbUity (faereaMt; 
tuch sn ontafud state of mambrans 
lIpMa te known afS4ri Mite (Fig. 2 a). 
On tho othar/hand. incraata In 
temparatufo of tha surroundinga of a 
call teauKa in a mora fluid (or diaor* 
darad) state as a conaaquanca of 
ineraaaad mMlllty of fatty acyl 
chains. Sinoa complata migration of 
phospholipid molacuiaa doas not 
occur following changaa in tha 
ambiant temparatura. movamanta of 
phospholipid acylchainacan bacom- 
parad with ballat dancing (Fig. 2 b). 

Changaa in mambrana fluidity is 
known to affact anzymic and solute 
transport furtctions of various integral 
proteins. Ones mambrana functions 
ara alterad, matabotism of tha celt 
may ateo gal modified. Hanca, plasma 
mambrana not only stends balwean a 
living call and Its environment but 
also sarvaa as a regulatory site for 
important metabolic reactions. 

Baaidas phospholipids, glycolipids 
(lipids having sugar residues) and 
steroids (in particuter. cholesterol) 
are Invaluabia structural antitiaa of 
plasma mambrana. Qlycoilpids gan- 
araliy act as aurfaca-racaptors for 
hdmsena s . call*call recognition and 
adhatSoh phanpmanon. Cholastarol. 
Pfoaant in mammalian mambranas, is 
astthportant te tetty adds for mainta- 
nanoa of mambrana fluidity. How- 
aaSr, Mbtesterol aftecta flddity in a 
t ralihnar opposite to that induced by 
changes in temparatura. l.a., choles¬ 
terol acts ae a buffer durirtg severe 
alterations in mobility of phospho- 
ildd acyl chaina. 

After having an idea about structu¬ 
ral organization of a biomembrane, It 
would be fascinating to examine how 
mambranas function in a living cell. 
Comptexity in structure of mem¬ 
branes Is responstbia for selective 
permeability properties of plasma 
mambfj^; pdtmttting some mole¬ 
cules te enter and others to extrude 
out of'Wcall. In addition, it controls 
osmotic attd alactrotyte balance 
across its exterior and interior sides. 
Molecules which enter a call are not 
aHowed to simply come out, which is 
another important function of blo- 
maimbranes. Further, cytoplasmic 
membranes are welt equipped to 
guide cellular accumulation of some 
subatances in concantrations much 
higher than t^hose present outside the 
cell 
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of the celt (Fig. 5). It can be of three - 
types: 

(/) Prim»ryctiv 0 ujumport system. 
Hare the energy used comes from dta 

Various types of systems are 
encountered in prokaryotic as well as 
aukar^tlc cells for transportation of 
solutes and ions across membranes. 

In passive transport, a solute is 
transported down the concentration 
gradiant, till concentration of the 
species becomes equal on both the 
sides of the membrane. However, the 
operation does not require cell 
energy. Passive transport may be of 
two types; 

(1) Slinpl 0 diffusion. Here the 
solute molecules simply diffuse 
across the lipid bilayer. This type of 
transport system is meant for 
hydrophobic (or lipophlilic) substan¬ 
ces and small polar molecules. 
Hydrophobic substances, e.g..fatty 
acids and other lipid species, are 
belived to simply dissolve in the 
hydrophobic core of lipid bilayer, 
whereas small polar molecules (like 
water) may pass through the kinks or 
spaces produced momentarily during 
mobility of the fatty acyl chains. 

(ii) Facilitatsd diffusion or carher- 
madiatad transport. In this type of dif¬ 
fusion, solute molecules take the help 
of a protein called carrier to cross the 
barrier imposed by lipid bilayer, The 
•solutes falling in this category are 
generally hydrophillic, large polar 
molecules or electrolytes. It is 
believed that the carrier (Ci) on the 
exterior membrane surface combines 
with the solute (S) to form the carrier- 
solute complex (CS), which can exist 
in two forms CSi and CSj at two sides 
of the membrane (Fig. 4). To release 
the solute on second side (towards 
Interior) a conformational change 
occurs releasing the solute inside, 
wmile the carrier (as Cz form) is set 
free. However, to transport another 
molecule on the extenor face, the car¬ 
rier gets converted to its original con¬ 
formation (Cl) and repeats the 
sequence. Here again the transport 
proceas continues tilt equilibrium is 
reached lor the solute concentration 
and/or its charge across the 
membrane. 

In active transport, besides requi¬ 
ring a carrier, solute ia aocumutatod 
againet concentrition or etectro- 
chemical gradient by utilizing energy 
of the ceil (Fig£.). It can be of three types; 
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FIgA. Pastew tnnspmt (I) timpto dNlMion, 
(ii) Canter-tiiMSeated lienlpM 

(/) Primary activs) transportsystam. 
Here the energy used cornea from the 
hydrolysis of ATP (■' high energy 
compound) to ADP+PI. After trans¬ 
portation of the solute, energy is 
required to energize the carrier for 
repeating the cycle (i.e., to carry 
another motecule towards interior). 
This type of transport is rare in proka¬ 
ryotes but It is quite common in 
eukaryotes. 

/ Ii) Secondary active transport sys¬ 
tem. Here, two sotutes share a com¬ 
mon carrier, out of which one solute 
(actual aubatrate) is to be transported 
or driven against the concentration 
gradient, while the other one is the 
‘driving solute’, usually a cation like 
Na"^, H*', K'*’ or Ca**. The cation may 
move in the same direction (when It is 
called co-transport) or in theopposite 
direction of the substrate (when it is 
known as counter-transport). Cell 
energy is used hereto p^ush the cation 
(or the driving solute) back to its orig¬ 
inal compartment for maintenance of 
electrochemical (commutative gra¬ 
dient of charge and mass) gradient. 
This is unlike primary active trans¬ 
port, where energy of ATP hydrolysis 
is directly applied to the carrier- 
protein for its energization. 

(Hi) Group translocation. Usually a 
phosphate group is attached coval¬ 
ently to the solute (thus forming a 



Pig-S- Acihw transport trap) MmaiyAeave 
tranapoM, (MIddls) Counter>trafiaporf aed 
(Bottom) Co-transport system 
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Flo.8. Schematic rapreaantatlon of Group 
tranalocailon ayaiam. 
group) while It undergoes carrier- 
mediated transport from exterior to 
interior of the cell (Fig.6). As chemi¬ 
cal species of the solute changes dur¬ 
ing transportation, this type of system 
actually does not fulfill theconditions 
laid down for an active transport phe¬ 
nomenon. However, many a times it is 
categorized under active transport 
system because energy is utilized to 
accumulate the solute, though modi¬ 
fied, In concentrations much higher 
than present in the surroundings. 
This type of transport system is indis¬ 
pensable for sugar transport in bacte¬ 
ria. especially for anaerobic ones, 
since the phosphorylated sugar 
molecule can be directly utilized in 
carbohydrate metabolism as such. In 
animals, group translocation system 
for amino acids only has been 
reported in various tissues. 

Recent knowledge about mem¬ 
brane functions has been derived 
from studies involving the use of 
either membrane vesicles or artificial 
membranes. Membrane vesicles are 
spherical bodies formed when a cell is 
completely disrupted, its membrane 
fractions isolated (by differential cen- 

' trifugation) and purified by density 
gradient centrifugation, and are res¬ 
uspended in a suitable buffer with 
slight shaking. Membrane vesicles 
have the advantage over intact cells 
that despite retaining biological func¬ 
tions of all membrane components 
, (I.e., of lipids as well as proteins) 
transportation of solute is independ¬ 
ent of the cellular metabolic pool. 
Hence, a true rate and concentration 
of the solute transported can be 
determined by using membrane 
vesicles. 

Artificial membranes (or lipo¬ 
somes) are prepared by dispersing 
phospholipids using ultrasonics in 
aqueous solutions. These lipids are 
either extracted from natural mem¬ 
branes or are prepared synthetically. 
The spherical structures produced, 
called liposomes, possess one or 
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Flg.7. Diagrammatic atructura ot lipoaomaa (I) Unilamellar (11) Bllamellar 


more concentric bilayers of phospho¬ 
lipids (Fig. 7). Each bilayer encloses 
an aqueous compartment inside. Sur¬ 
prisingly, many properties of natural 
membranes are mere reflections of 
their phospholipid composition. 
Therefore, liposomes serve as models 
for natural membranes. Since lipo¬ 
somes are devoid of metabolic pool of 
the cell as well as of proteins, the role 
of chain length of fatty acids, their 
degree of unsaturation, and size and 
charge of polar head group on trans¬ 
port functions can be studied in a true 
sense. Not only the fatty acyl chains 
of phospholipids but also their polar- 
head group composition influence 
membrane properties N. Muranushi 
and co-workers (1981) have sug¬ 
gested that the incorporation ot non¬ 
polar or neutral lipids into liposomal 
membranes does not influence the 
membrane permeability appreciably. 
However, presence of phospholipids 
having low melting carbon chains 
(i.e., having polar head as well as 
unsaturated acyl chains) tremend¬ 
ously increase the membrane per¬ 
meability. M. Shinitzky and P 
Henkart (1980) from their own obser¬ 
vations as well as from other studies 
have concluded that phosphatidyl¬ 
choline. phosphatidylsenne and 
phosphatidylglycerol act as mem- 
brane-fluidizers while phosphatidyl- 
ethanolamine, phosphatidylinositol 
and cholesterol generally behave as 


rigidif iers. Hence, the ratio of f luidizer 
to rigidifier lipids is extremely crucial 
in determining membrane functions. 
Once again we see that functioning of 
a biomembrane is inherent to its 
structural organization. 

Liposomes are gaining popularity 
due to their numerous applications in 
biology as well as in medicine. In bio¬ 
logical sciences, liposomes are used 
to study phenomena like endocyto- 
sis, induction ot cell-cell fusion and 
alteration of membrane lipid compo¬ 
sition. The biological uses of lipo¬ 
somes depend upon their property to 
fuse amongst themselves or with 
other living cells in presence of cal¬ 
cium ions. Another contribution ot 
liposomes to biology is in under¬ 
standing the specific role of a specific 
membrane protein. The aim is 
achieved by carefully inserting an iso¬ 
lated and purified natural membrane 
protein into liposomes of known lipid 
composition. The resulting structure, 
called proteoliposome, has been 
exploited thoroughly to assign biO' 
logical (unctions to many membrane 
proteins. As membrane vesicles pos¬ 
sess varied types of proteins simul¬ 
taneously, proteoliposomes serve as 
better models to test functions of iso¬ 
lated natural proteins, 
fh medicine, liposomes have been 
used as pharmacological capsules to 

i Continued on page 112) 
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HIGH PRESSURE TECHNIQUES FOR 
SOLID STATE MATERIALS 


Mat«rlalt show unusual bahaviour under high pressure 

from which a wealth of data can be obtained about their ASHOK K.SAXENA 

structure, optical and electronic properties 

S OLID State materials can be wide range of structural, optical and (vii) studyoftwodimensionalelectron 

broadly classified into three cate- electronic properties is exhibited as gas in semiconductor heterostructures, 

gories, namely: (i) metals, (li) insula- the materials are subjected to high The observation of certain pheno- 

tors. and (iil) semiconductors. The pressures. Due to shortage of space, mena in solid state materials may 

suitability of these materials for var- this article will deal with the hydros- need,j}ressures approaching as high 

ious eiectronic applicatiorts is deter- tatic pressure techniques only and as a few hundreds of a Kilobar 

mined largely by the details of their the resulting changes in the charac- (i Kilobar = 10® dynes/cm’ 10® 

band structure. For example, in teristics of the materials, in addition atmosphere). Investigations on solid 

metals, the energy band gap is zero to the reduction of the lattice con- state materials need samples of a very 

while in Insulators it is of the order of a stant, the atoms (or molecules) of the small size (ir—1mm® with a thickness 

few eV. On the contrary, semiconduc- material under pressure may re- of a few hundred microns) so that the 

tors have energy gaps which lie arrange themselves in an interesting bulk properties could be studied, 

between those of metals and insula- way. Some solids do not have the 

tors. The band structure configure- highest packing density of atoms at Experimental techniques 

tion, including the energy band gap atmospheric pressure and this den¬ 

is, in turn, determined by the lattice sity has been found to change with High pressure (hydrostatic) gene- 
constant and interatomic spacing of pressure. So, many solids have been ration techniques can be divided into 

the structure in which the material observed to undergo such changes, the following groups depending upon 

crystallizes. To quote, elemental such as conversion of diamond into the range of pressures required for 

semiconductors Si and Ge have dia- graphite, InAs semiconductor with a the experiment, 

mond type crystal structures whiles- zinc blende structure into an NaCI Low pressure fechn/que. Fig. 1 is a 
5 group semiconductor compounds type structure, and soon. Under pres- schematic line diagram of a typical 

(QaAs, GaSb. InP, etc.) have zinc sure, insulators have been found to piston-cylinder assembly within a 

blende structure. So, the lattice con- behave like semiconductors and four column die set. This is con¬ 
stant is the most intrinsic property of semiconductors like metals. structed by having an outer ring and 

all materials. It will not be unwise to Some of the areas where the appii- an inner cylinder made up of a dia 
foresee considerable changes in their cation of pressure has been noticed steel. The inner cylinder is pressed 

band structures and. also, the elec- are: (i) observation of new phase tran- into the outer ring with a small angle 

tronic properties as the lattice con- sitions in solids; (ii) NMR pheno- (*# io) of taper. The piston containing 

stant is somehow altered from its menon in alloys; (iil) band structure the sample under investigation is 

equilibrium value at atmospheric determination and high field effects pressed from the top into the liquid 

pressure. (GUNN Effect in 3-5 group single contained in the cylinder. An enlarged 

Among the thermodynamic varia- crystal semiconductor compounds; photograph of the Inverted thrust pis- 

bies, pressure is often regarded as a (iv) observation of tricritical points in ton made up of high speed tool steel is 

poor parameter of a material. Today, ferroelectric materials such as shown in Fig. 2. The sample holder 

it is known beyond doubt that the BaTi03;(v) metal semiconductor tran- consists of a metal (insulated) frame 

effects that can be observed in solid sitions and band structure determine- which can be easily inserted between 

state materials under both hydros- tion of chalcopyrite structures for the poles of a magnet. The provision 

tatic arid unidirectional pressures can optical devices; (vi) investigation of of the magnet is made for specific 

be magical and highly informative as semiconducting materials for high types of experiments like Hall effect 

the lattice constant is changed. A sensitivity pressure sensors; and and magneto-resistance measure- 
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Backing pad with slots for leads 
Piston 

Neoprene rings 

CXjter ring held to the bottwr^ of die set 

Ripssure transmitting liquid 

Neoprene rings and heater 

Tool steel insert 

Cylinder 

Backing pad 


Fig.l. Schematic line diagram ol cylinder-plalon anembly 


mtflts. The magnetic field la provided 
by paaaing a epnatant current 
through the coll wourid round a toroid 
of a high quality mild steel and placed 
at the top of the piston. To measure 
the pressure inside the cell, a man- 
ganin gauge Is winded on a PTFE 
former end held at the top of the 
magnet by a screw threaded into the 
top of the piston for tahing the leads 
(from the sample, magnet, thermo¬ 
couple artd the gauge) out of the 
llrtS^-cyllnder assembly. A tech¬ 
nique of hardened silver steel tsrmi- 
nais into ceramic sleeves is used for 
•taking the leads out of the pressure 
chamber. The piston backir;g pads 

.HfNEItaS 


are shown screwed toliie die set and 
U groove Is milled into the top pad to 
accommodate the electrical leads. 
When the piston is pushed into the 
cylinder by applying eatamal load at 
the top of the piston (Fig, 3), the prM- 
sure inside the Ihi^' )i alowty 
increased as the load is iHcreaaed and 
the liquid In the oylincMr may leak 
through the intertaoa between 
cylinder and piston walls. This prob¬ 
lem of leakage isovercome by having 
suitable seals, the most popular being 
the 'O' rings of phosphor bronze fol¬ 
lowed by neoprene rings. These are 
fitted into the grooves of the piston. 
The load, and hence the pressure, are 
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controlled by controtting the load 
with dte help of a hydraulic syshnn. 
As the pressure increases so does the 
resistance of the gauge, which is read 
on a digital multimeter and then con¬ 
verted into pressure,* 

« 

This system suffers from the draw¬ 
back that measurements are possible 
only at room temperature and above 
but not below. A heater coil is put Into 
the cylinder from the other end of the 
cylinder and proper seals are again 
used to avoid the leakage of the liq¬ 
uid. The temperature Is transmitted to 
the sample through the heated oil and 
can be controlled by adjusting the 
power Input to the heater. However, 
using such a system, it is not possible 
to go beyondrv2000C since the metal 
parts expand witn temperature, thus, 
posing the problem of leakage of f luid 
and hence the pressure. The maxi¬ 
mum safe operating pressure for such 
a system is about IS Kbar since, for 
higher pressures, the steel used in the 
system has a bursting tendency. 

The choice of the liquid pressure 
trftcuKnitting medium is inevitably a 
compromise with a number of factors. 
The liquid used must be a good insu¬ 
lator and chemically non-reactive 
with the material under investigation. 
Also the choice of the liquid must rest 
to a considerable extent on the com¬ 
pressibility, viscosity and the freezing 
pressure of the medium. A 1:1 mix¬ 
ture of amyl alcohol and castor oil is 
found to be most suitable for OKbar- 
15 Kbar range of pressure. The crystal 
size which such systems can accom¬ 
modate deper^ds upon the size of the 
piston, but typically it should be 
about 2x2 mm’ having a thickness of 
about 400AI m. The main advantage 
of the system is that the measure¬ 
ments can be taken both for increas¬ 
ing as well as for decreasing 
pressures to check the validity of the 
data obtained. 

For optical measurements, -the 
sample can be illuminated using opti¬ 
cal fibras. Light (visible to near- 
Iy2sim) can be introduced through a 
small sapphire window seated to the 
piston and by using aluminium foil. 
The light can be guided to the window, 
by using optical fibres. Either d.c. or 
fast pulse measurements can be 
made on the samples suspended te 
tfte fluid close to the window. The 
magnified view of an actual system 
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Fla.2. Pholoflraph of lh« Invorlod thrust piston 


Close to the piston-cylinder assembly 


The anvils are made of high speed 
tool steel (10% Co). The sample under 
study is put in a gasket and placed bet¬ 
ween the anvil faces as shown. This sys¬ 
tem is calibrated using the known resist¬ 
ance discontinuities for bismuth at 
25.4 Kbar and 76 Kbar and for thal¬ 
lium at 76 Kbar. The calibrant is cut to 
the same size as the crystal to be stu¬ 
died (f^2x2 mm‘ and 0.25 mm thick) 
and potted in epoxy. The sample 
resistance is then measured as a 
function of load and the. known 
resistance discontinuities are 
observed at critical pressures. Thus, 
the relation between load and pres¬ 
sure Is known. 

This system suffers from the disad¬ 
vantage that measurements above 
room temperature are not possible. 
On the contrary, arrangements can 
be made to lower the sample temper¬ 
ature below room temperature. To 
lower the temperature of the sample, 
liquid nitrogen is pumped through 
copper tubing coiled around the 
anvils and finally on to the sample 
through the smaller holes. The 
copper tubing Is insulated by polysty¬ 
rene discs. By pumping liquid nitro¬ 
gen continuously, the sample is first 
cooled down to near the liquid nitro¬ 
gen temperature (77 K) and the mea¬ 
surements are taken. To do the 
measurements at higher tempera¬ 
tures (l.e.,>77 K), the flow of liquid 


is shown in Fig. 3. 

High pnasura tachniques. For 
transmitting higher pressures(::^15 
Kbar), liquids cannot be used since 
most of the oils become hard and 
water freezes to form ice. The liquid 
mixture as used in the low pressure 
gear as described above becomes 
highly viscous. Hence at higher pres¬ 
sures. the medium is generally a solid 
rather than a liquid. The ideal solid 
should have a low shear strength, be 
chemically inert and not suffer phase 
changes. There are basically two 
techniques for pressure generation 
using solid medium. 

BrMgman opposed anvil apparatus 
(OKbar-tO Kbar) 

A schematic line diagram of the 
system Is shown in Fig. 4. Pressure is 
applied to a small area of the anvils 
surrounded by a larger die assembly 
so that a higher compressive yield 
stress of the anvils can be supported. 
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Fig.4 Schematic tine diagram ol the Bridgman Opposed anvil eyslem 


Araldite prepared by mixing epoxy 
resin, a hardener and an accelerator, 
is then poured on the magnesia which 
then penetrates the pores of MgO. 
When no air bubble is left, the evacua¬ 
tion is stopped and the mould is 
removed from the chamber and then 
cured at h igh temperatures. After cur¬ 
ing, the rings are removed from the 
mould and grinded to about 1.3 mm 
thickness. When ready, the ring must 
have an outer diameter of about 13 
mm with an inner hole of<^ 4mm 
diameter. Grooves (/«v0.5mm in depth 
and^ 1mm wide) are then cut into 
one face of the gasket to accommo¬ 
date the leads from the sample and a 
thermocouple, it necessary. Fig. 5 
shows a n enlarged view of a Hall sam¬ 
ple potted in epoxy in the gasket. 

The gasket with the grooves is 
placed on a thick mylar sheet and the 
epoxy made to flow into the central 
hole and the grooves. The sample is. 
then placed in the hole with the leads 
resting in the grooves. Under its own 
weight, the sample and leads are 
immersed in the epoxy when more 
epoxy IS made to flow to cover the 


nitrogen is stopped when the system 
slowly warms up due to the large 
mass cooled initially and thus facili¬ 
tates measurements at interme¬ 
diate temperatures from 77 K to room 
temperature (r-soo K). For experi¬ 
ments requiring magnetic field, the 
anvils are used as magnet poles. Mild 
steel jackets while providing a little 
support for the anvils also act as cores 
for the coils. A mild steel, four column 
die set completes the magnetic cir¬ 
cuit. Syndanlo pads above and below 
the die set provide magnetic insula¬ 
tion from the press. For optical exper¬ 
iments, an optical path through an 
optical fibre bundle passing through 
the lower anvil serves the purpose. 

Better mechanical properties and 
high resistivity (rvIO’* ohm-cm) make 
the magnesia-filled epoxy an excel¬ 
lent gasket material. The ease of fab¬ 
rication of Bridgman rings and 
minimum machining requirements 
are additional features which make 
the magnesia filled epoxy a highly 
suitable material. The PTFE mould 
and aluminium container are relea- 
siled using silicon resin in an oven. 
Magnesium oxide is dried and 
grinded to a very fine powder. The 
mould is then filled with MgO and 
placed in an evacuation chamber. 





Fig. S. Mt-Mograph of the gasket uaail In the Bridgman system 
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tetrahedral anvils 
(pyrophyllite or MaO) 


Fig. 6. Line diagram of the Itirahcdral anvil 
ayetem 

■ sample and leads from the top. This 
ensures complete encapsulation of 
the sample and leads by the epoxy. 
Particular care is to betaken to make 
sure that the sample and leads lie well 
below the faces of the gasket to avoid 
breakage of the sample and the 
short circuiting through the anvil 
faces when put into the press. No air 
bubbles should be trapped in the 
epoxy during sample preparation 
since they provide stress concentra¬ 
tion centres and increase the 
possibility of fracture of the gasket 
and sample. Another thick mylar 
sheet IS then placed on the top of the 
ring and the whole assembly tightly 
clamped between two flat metallic 
faces and baked at high temperature 
to harden the epoxy. After this opera¬ 
tion. mylar sheets are carefully 
removed. 

The same press as used with the 
low pressure system can be used to 
pressurise the gasket between the 
anvil faces. As the pressure is 
increased, the solid epoxy converts 
itself Into liquid and then transmits 
pressure to the sample. At high pres¬ 
sures. the gasket is locked up 
between the anvils. If the pressure is 
now decreased, the gasket expands 
and therefore, due to stresses deve¬ 
loped. the sample and gasket get 
cracked. Due to this unavoidable dif¬ 
ficulty, measurement! with lowering 
pressure are not possible with the 
system and ultimately, since the sys- 
i tem has to be reloaded, the sample 
I breaks. The process is, thus, destruc- 
I live in nature and the sampig cannot 
I be recovered. 
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TetiBhednf anvH apperatua (OKbar- 
10Q Kbar) 

The tetrahedral anvils resting in a 
steel cottar are shown in Fig. 6 and are 
made of either pyrophyllite or par¬ 
tially sintered MgO. A fourth anvil 
made of tungsten carbide sits on top 
of the tetrahedron When load is app¬ 
lied. the tetrahedron extrudes 
between the anvil faces and eventu¬ 
ally locks under the high frictional 
forces, to form a gasket. Samples can 
be placed within the tetrahedron fora 
variety of experiments. In one typical 
experiment, a single crystal of BaTiOa 
(rvtmm^) was potted in epoxy resin 
and a Cu heating element wound 
around the internal pressure 
chamber Wires to the silver contacts 


on the sample and the thermocouple 
next to the sample were then potted in 
the resin. This enabled accurate 
temperature excursions 0010 , 200^0 
to be carried out at fixed pressures 
after the sample assembly was placed 
in a hole drilled in the tetrahedron. 
The wires and thermocouple pass 
out of the tetrahedron through the 
gasket edge. Also a teflon internal 
cylindrical cell has been used to 
include liquids within the tetrahedron 
and relatively large (■i.'2x2x2mm3) 
single crystals can now be pressu¬ 
rised to 40 Kbar Heaters can be 
placed around the internal sample 
cell and high currents passed through 
the anvils to provide temperatures 
approaching 1500“C 







(C) 



The same press as shown in Fig. 3 
can be used with this apparatus. A com¬ 
plete assembly of the high pressure 
system is shown in Fig. 7. 

R«a«iNa 

A large number of different kinds of 
experiments can be performed using 
high pressure systems and it is 
imposslbte to present and discuss all' 
of them hare. 



To give an idea about the utility of 
the technique, only some of the prop¬ 
erties of Ge, Si, QaArand GaAs/AIAs 
alloy system will be presented in brief. 

Fig. B(a} shows the absorption edge 
energies as a functibn of pressure for 
Qe. Si and GaSb (Pitt 1976). The strik¬ 
ing feature of these graphs is that at 
high pressures (region C), the three 
curves are almost parallel. Also in 
region b, the curves for QaSb and Qe 


are parallel t clearly signifies that (or 
these pressure ranges, the conduc¬ 
tion band minima involved are the 
same and move with the same pres¬ 
sure coefficients. This information 
can be interpreted to obtain the 
details of band structure and the scat¬ 
tering theories. In Si, the lowest 
energy conduction band minima are 
X and surely these have a slightly neg¬ 
ative pressure coefficient. In Ge, the low¬ 
est energy minima are L and these move 
with a higher positive pressure coeffi¬ 
cient upto a pressure of^ 36 Kbar 
after which L minima catch with the X 
and the coefficient is negative. In 
GaSb, firstly the minimum catches 
up quite fast with the L minima near 8 
Kbar and thus L and X minima cross at 
about 30 Kbar after which X minima 
move with the characteristic negative 
coefficient. Thus the observation of 
various pressure coefficients is a 
good indication of which conduction 
band minimum isthelowestinenergy 
at atmospheric pressure. The band 
cross-over effects observed in GaSb 
allow a determination of the next 
higher minima, their symmetry and 
the sub-band energy gaps. 

The Hall constant Rh normalized to 
its atmospheric value is shown in 
Fig.8(b) as a function of pressure for 
Si, Geand GaAs samples. For Si, Rh is 
found to be constant upto 70 Kbar 
and more. This signifies that in Si, the 
electron transport occurs only 
through one set (X) of minima. In Ge. 
Rh increases with pressure and then 
goes through a maximum at a pres¬ 
sure where the L minima with a posi¬ 
tive pressure coefficient catch up with 
the X minima having a negative pres¬ 
sure coefficient. A similar result is 
obtained for GaAs and. thus, estab¬ 
lishes a multiconduction band struc¬ 
ture for it as for Ge (Pitt and Lees, 
1970). The pressure techniques have 
also been usad to establish the band 
structures of a number of semicon¬ 
ductors including GaAs/AIAs mixed 
crystals (Saxena, 1980). 

Fig. 8(c) shows the variation in the 
resistivity of a GaAs sample (norma¬ 
lised to atmospheric value) as a func¬ 
tion of hydrostatic pressure upto IS 
Kbar (Vyas;l974). The variation is lin¬ 
ear with a pressure coefficient of 
e'OxIOVKbar. This is about 4 times 
the pressure coefficient of manganin 
wire (r«'2x10VKbar) which is also 

(Continu 0 d on page 84) 


(e) 

Fig.S. (a) Enargy gap a* a lunction wi pressure, (b) Hall constant as a (unction ol 
psoaaure, (c) reslatWity as a lunciiom ol pressure lor GaAs. (p) Current-voltage 
cturacterlallca with pressure as a parameter lor GaAs, (e) Band structure ol Csi.xAIxAs 
alloy system and (I) resistivity as a lunction ol pressure lor Ge 
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EVAPORATION CLIMATOLOGY 
IN AGRICULTURE 

K.K. NATHAN 

Measurement of evaporation from land surface Is Important in agriculture, especially In 
arid and semi-arld regions where water is the main constraint 


T he process of evaporation of 
water in nature Is one of the basic 
components of hydrological cycle. 
During evaporation, a liquid changes 
to gas or vapour. It is the only form of 
moisture transfer from land and 
ocean to the atmosphere. Evapora¬ 
tion from natural surfaces like soils, 
vegetation or plants is a diffusion pro¬ 
cess in which water in the form of 
vapour Is transferred from the under¬ 
lying surface to atmosphere. This is 
possible only when there is a heat 
source which n this case is solar 
energy Optimum vapour pressure 
gradients should exist between evap¬ 
orating surface and the atmosphere. 
Evaporation from land surface Is 
influenced by meteorological factors 
like wind speed, atmospheric humid¬ 
ity, solar radiation, soil temperature 
gradients, vegetation, etc. Water is 
also lost from vegetation as transpira¬ 
tion and it is basically an evaporation 
process in plants by which water 
vapour leaves the plant body and 
enters atmosphere. The combined 
loss of water by plants as evaporation 
(E) and transpiration (T) is called eva- 
potranspiration (ET). 

Estimation or measurement of 
evaporation or evapotranspiration is 
important In agriculture. Scheduling 
of Irrigation, and water management 
practices are based on evaporation 
values. This is particularly important 
in arid and semi-arid regions where 
water Is the main constraint. The 
regime of evaporation and evapo¬ 
transpiration during crop growth 
cycle is of immense interest and 
importance to agriculturists, hydrolo¬ 
gists, agronomists, and climatolo¬ 
gists as it helps in planning and 


development of their projects relating 
soii-water-plant-atmosphere system. 

Factors affecting evaporation 

The major meteorological parame¬ 
ters which affect evaporation rate 
from a free water surface area are; 

(1) Solar and sky radiation, 

(2) Temperature of the air and of the 
evaporating surface. 

(3) Wind run, 

(4) Saturated vapour pressure at the 
water surface and actual vapour pres¬ 
sure of air at that temperature, 

(5) Atmospheric pressure, 

(6) Depth and size of theevaporating 
surface, 

(7) Impurities in the water body 
Like evaporation, evapotranspira¬ 
tion is primarily influenced by various 
climatic elements. What one needs is 
a precise measurement of these ele¬ 
ments. but most of the devices for 
measurement are costly. An evapo- 
rimeter is a device which could inte¬ 
grate all the climatic effects and is 
cheap and easy to operate and main¬ 
tain In a meteorological observatory, 
it is installed along with other weather 
instruments. 

Evaporation network In India 

Water resources planners may 
require either monthly or seasonal 
pan evaporation data. For agricultural 
operations and water management 
practices one needs to have weekly 
values of evaporation. For the sake of 
uniformity, the World Meteorological 
Organisation in 1965 recommended a 
minimum network density of one 
evaporimeter per 30.000 sq km. in 


arid regions and one such instrument 
per 50,000 sq. km. in humid regions. 
However, according to another 
approach from Operational Hydrol¬ 
ogy Report No. 6 (WMO, 1976), a net¬ 
work density of one pan evaporimeter 
per 10,000 sq. km.-l 5,000 sq.km, in 
arid regions and one per 30,000 sq. 
km. in humid regions was 
established. 

Applying this criteria to the Indian 
situation, where we have a total area 
of 3 28 million sq.km., out of which 
1.28 m sq.km, lie in arid or semi-arid 
regions, one pan per 30,000 sq. km in 
humid to very humid regions has 
been worked out. This comes to 
approximately 200 evaporimeters for 
the dry pockets, about 43 in wet or 
humid pockets, totalling about 243 
evaporimeters for the entire country. 
Fig.1 depicts the location of pan evap¬ 
orimeter stations controlled by Agri¬ 
cultural Meteorology Division of India 
Meteorology Department. 

Basic equipments for measuring dally 
evaporation 

Instruments for gauging daily evap¬ 
oration can be classified into two 
types. (1) open water evaporation 
pans, and (2) porous type atmome- 
ters. These devices are more useful 
than the various emperical relations 
used to estimate evapotranspiration 
of any crop. It has been observed that 
a close relation exists between water 
use of crops and rate of evaporation 
from a well located pan. 

The most commonly used open 
evaporation pan is United States 
Weather Bureau (USWB) class ‘A* 
pan. The other types are sunken pan. 


Sh. Natnxn It Scitntttt at Watar Technology Centar. I A.R.I., New Oeth<-11001Z 

SCIENCE reporter 80 


JUNE 1985 


T 


&P . 




30 


25“ 


20 “ 


— 70 


75 


80 
—r- 


85 


90 


95 

nr 


o 








n*- 

( 

V 





^.•iChanjligarR’^- 

j • 

' Dehrn Dun .J" 

• X 

New Delhi 

• Agra 


•Kota 




V 


•Bosti ^ 


y 

Tocwoi/-*'V 


•R2lno 
Sabaur• 


i. 


Trtabor ; 


V- I 

V.--V—. 


- \> 


^^^Kcrirnganj 


Chinsura 


o 

15 


o 

10 h 


•Viramggm 

Jcr(inagcr 

Junogacili^/^Surat*iPl90on .Nagpup CuttacK 

^ .Niphod-AKota /ihpbon.Pwcr 

• Korjat •’’“'■‘>’'0"' . 

••Padegaon '«“'-°ngdl 

RQjQhmundry,.^nnQlkot 
Rt^chur y 

Bell ary 



Mebbol 

Kasaragodi } 

\CX>10camund 






P attam 


Olluka r 


^Coimbatore 


•^uthurai 


Jt^viipatti 
KayangulQm,^^J/ 


iOO 


435" 


^30" 


25 


65 


70*^ 


75 ‘ 


00'- 


35 



Flg.1. Location of agromef, avaporimelar stations (Source ; India Mataorologlcal OafMrImant) 


• < 

sunken screen pan, etc. The standard cm in diameter and 25 cm depth lions and is mounted on a wooden 

USWB class'A'pan is generally made ^ (Fig. 2). It is painted white, both platform about io cm above the 

of 20 gauge galvanised iron sheet, 120 inside, and outside to reflect all radia* ground. It is filled witti fresh water 
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Fig. 2. Ciww A ti w pa wM aw (mh 


upto 5 cm b«row th« rim of Pi* pin 
and-covornd with a wire meah acraan 
(0,8 cm hexagonal mmipi} to pievem 
birds and animals from drinking 
water. The water level of the pan I* 
read by meant of a hook gauge leet- 
ing over a stilirhg well. Dally reading* 
are taken both in morning and after¬ 
noon. The difference in the observa¬ 
tion of anyconsecutivedaysgivekth* 
evaporation value after a^usting for 
rainfall, if any. 


tjhai 8iAe 

vertes wm ehp, eefoiii; nwl*rte(, 
d*gtkf.*xgesuf*. ale. Aoepperpinia 

tlon losa in tt ia 9%'10% more than in 
ccn v e nW e i i al pane. Mftien. ih* apwe- 
pherte humfdtty t* fegti, *vapo«ation 
raM is indepeiidant of pan sice. As 
and when the wealhp bacpngs dry, 
the size of the pan influences the rate 
Of iVAPOMtioa it has baaa aiparif 
mentatty found thp if a pan is ^inled 
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EvaporimeterJ-^ Stilling well 

Flg.4. Sunkm acrMn pan •vaporfnwter (Sharma and Oaalana, 19$6) 


black, the evaporation rate is 23% 
higher than if it .is painted white. 
Another important aspect of evapora¬ 
tion pan is the height at which it is 
installed. A pan of 60cm dia. at a 
height of 20 cm ioses about 12% more 
water by evaporation than ohe at the 
ground level. The same pan loses 
about 24% more water than the one 
placed below the soil surface (sunken 
pan). 

Evaporation pattern over India 

Fig. 3 represents the seasonal and 
annual distribution of mean daily 
evaporation over India. In January 
which represents the winter season, 
the evaporation rate Is lowest 
(2mm/day) In northern parts of India. 
In the southern region during the 
same season it is about Smm/day. 

In summer, .evaporation rate is 
14mm-16mm/day in North India. 
However, the arid pockets like Sau- 
rashtra (Kutch) re^ster 18 mm/day 
during this season. August being the 
rainiest month due to south-west 
monsoon current, the evaporation 
rate is about 4 mm/day except in the 
dry pockets of Tamil Nadu where it is 
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10 mm/day. On annual basis, arid 
zones of Saurashtra and some 
pockets of Tamil Nadu record about 
3000 mm to 3500 mm of evaporation. 
For the country as a whole, theannual 
value ranges from 1500 mm to 3800 
mm. 

There Js a striking relationship 
between diurnal pattern of transpira¬ 
tion and evaporation from a shallow 
pan. The results of previous studies 
show that evaporation data could be 
effectively used to estimate ET for 
vegetation. The ratio of ET/E is highly 
dependent on the type of pan or tank. 
The average ratio is 0.8 for USWB 
class 'A' pan and 1.05 for a standard 
Australian evaporation tank. 

Sunken pan 

Sunken pan is considered to be 
more representative of ET of crops 
than class 'A' pan. Fig. 4 depicts a 
sunken pan developed by R.G. 
' Sharma and N.Q. Dastane (1966) at 
lARI, New Delhi. It consists of an 
evaporating pan, a stilling well and a 
connecting tube. The evaporimeter Is 
60 cm in diameter, 45 cm in depth and 
is made of 20-gauge galvanised iron 
sheet. It is painted white on all sides. 
The stilling well is 15'cm in diameter 
and 45cm in depth. It has a printer 
attached to the side wall and bent 
upward at right angle at the centre. It 
IS Installed by digging a pit of suitable 
size so that the pan could be fitted in 
and back-filled with earth with ade¬ 
quate compaction. Usually the edge 
of the pan'is kept lOcm above the 
ground level. The method of observa¬ 
tion is similar to that of class ‘A’ pan. 
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Ftp. 6. Piclw stmomvter 
Atmometers 

Atmometers a« devices for gaug¬ 
ing the rate of emporation of water. 
The sensors are either a porc^ain 
body of porous pape\r. Fig. 6 depicts a 
piche atmometer. It consists ot a 
cylindrical graduated glass tube 
30 cm Ion g and of 15 cm d lameter wtth 
one end open. The tube is filled with 
distilled water and turned upside 
down. The open end of the i nstrument 
contains a filter paper as sensor with a 
clip. The water in the tube wets the 
paper and evaporation takeiplace. In 
this instrument, the rate of Wapora- 
tion is greater than with class 'A' pan 
or sunken pan. Also, it gives a poor 
correlation of evaporation rate with 
ET. It tends to overestimate theVrind 
effect and underestimate the radia¬ 
tion values. The pores of the filter 
paper easily get clogged with dust 
and salt. However, if one can take due 
precautions it can be used to study 
the micro-climate or bio-climate of 
the environment. 

The pan evaporimeter is a useful 
gadget for farmers. It can be set up at 
low cost and does not involve much 
labour to instal. However, while 
choosing site one should see that 
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there is no dtwtiruction near Its 
vicinity and the terrain is horizontal. 
The daHy evaporation rates can 
give valuable clue to agriculturists for 
irrigation scheduling. 
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HIGH PRESSURE TECHNIQUES (Continued from page 79) 


used as a prmutv sensitive device. 
There are also other compounds like 
QsAs/ AlAe alloys which show a pres¬ 
sure sensitivity as high as 200 times 
that of the msnganin gauge (Saxena, 
I9«n* 

Fig. 8(d) shows how the threshold 
field for QsAs GUNN device varies as 
a function of pioasurs. Each curve is a 
current voitsge plot of a two contact 
deyice at. diffSitent pressures (Pitt 
1976). When the bands are close 
together at high pressures, the oscil¬ 
lations cease When oventuaily all the 
electrons occupy the X states. Prom 
such data;, it Is possible to rnake an 
estimate ^ the position of the L min¬ 
ima in QaAs which are also involved 
in ttie scattering process at high 
fields. Caiculatlons are now possible 
to determine the ultimate efficiency of 
such devices and thus rapidly indi¬ 
cate whether costly materials work 
should proceed or not. 

The ternary semiconductor* 
compounds are highly versatile for 
use in optical devices. To predict the 
device performance, it is necessary to 
know the details of their band struc¬ 
ture. This Is very expensive since 
a lot of., jmatsdal. .with different 
compositions must be grown. It has 
been shown that the alloy composi¬ 
tion 1s equivalent to pressure. Hence, 
the cemplale band sitructufe of the 
alloys can be dNermined from a sin¬ 
gle pressure experiment and, thus, a 
complicated series of growth experi¬ 
ments can be avoided (Saxena 1980). 


The band structure of Gai-xAlx As 
alloys thus determined is shown in 
Fig. 8(e). The same technique may be 
used toknowthealloycompositionof 
QaAsi-x Px alloy laser diodes at which 
the efficiency drops to a very low 
value because of the indirect nature 
of the band gap (Pitt, 1976). 

Let us now see an exam pie of phase 
transition at high pressures. Fig. 8(f) 
shows the variation in the resistivity 
for a single crystal Ge and also for 
amorphous Ge (Pitt, 1976). At about 
100 Kbar, there is a sharp drop in the 
resistivity of single crystal Ge due to 
phase transition from a diamond type 
structure to white tin type structure 
which has metallic properties and, 
therefore, much lower resistivity. 
Transitions of this type can be used to 
calibrate the pressure cells. The 
phase transition in amorphous Ge 
takes place at a much lower pressure 
(^'OO Kbar). This can be interpreted 
since amorphous Ge has a much 
closer packing of atoms than single 
crystal Ge and, therefore, the cfitical 
pressure for phase transition drops to 
a lower value Such studies are very 
useful in establishing crystal structure 
of solid state materials. 

Conclusion 

Various techniques for applying 
hydrostatic pressure to tiny crystals 
of solid state materials have been des¬ 
cribed together with the sample prep¬ 
aration wherever necessary. The 
impact of such techniques in investi¬ 


gating the structure, optical and elec¬ 
tronic properties of some materials 

has also been discussed in brief. 
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TRANSITION ELEMENTS IN 
BIOLOGICAL SYSTEMS 


Jt Is now weU established that life In Its present form would 
not survive without the presence of minute trades of some 
of the transition elements 


P.C. NIGAM 
S.B.S. MISRA 


E ven two decades back, biochemi¬ 
stry was thought to be only an ela¬ 
borate branch of organic chemistry be¬ 
cause of the fact that proteins, carbohy¬ 
drates, lipids and fats could be dealt 
with by organic chemists in a better 
way. The amounts of minerals and 
trace elements in biological systems 
are so meagre that their presence was 
almost ignored for a long time. The 
invention of modern analytical tech¬ 
niques enabled analysts to detect and 
estimate the presence of many transi¬ 
tion elements in biological systems. 
The detection itself was a tedious 
task because the amount of these ele¬ 
ments was so small that it was like 
searching a needle in a haystack If 
we take the average weight of a per¬ 
son as 70 kg, the approximate 
amounts of essential elements pres¬ 
ent would be as given in Table 1. 

It is.now well established that life, at 
least in its present form, would-not 
have been possible in absence of 
trace elements listed in Table 1. The 
have been shown to be essential for 
important biological functions like 
the dioxygen binding and transport, 
electron transfer, substrate binding 
and catalysis. In all these functions 
one metal ion or more is the centre for 
the performance of some vital role. 
Transition elements by virtue of their 
inherent properties are well suited for 
these functions and therefore nature 
has perhaps chosen them -very 
judiciously. ' 

With increasing knowledge of 
the role of trace elements in biologi¬ 


cal systems, a separate branch of 
chemistry known as bioinorganic 
chemistry has emerged. It has 
brought biologistSi microbiologists, 
chemists, physicists and medical 
men on a single platform in an endea¬ 
vour to enlarge our understanding of 
the role of trace elements in biology 
and medicine 

Role of transition elemenU 

It is interesting to note that nature 
has incorporated mainly the ele¬ 
ments of first transition series. The 
one exception is molybdentim and it 
is the only element known to be pres¬ 
ent ' in biological systems from 
amongst the second and third isenesof 
transition elements. The main role of 
■the transition elements in bicilogical 
systems will now be discussed. ■ 

(a) Titanium. There is no evi dence 
that titanium plays any vital role in 
biological systems. • It is poorly 


ateorbed by plants,and animals. 
The level of titanium in tissues is 
much lower than in the environrnent 
but it does reflect environmental 
exposures. 

(b) Vkt^lum. The human body con¬ 
tains ab^ 10mg-25 mgof vanadium 
in bones, teeth and fat. Its presence 
Inhibits cholesterol synthesis and 
perhaps It is beneficial to teeth. Vana¬ 
dium is essential for the growth of 
fungi and green algae but its essen¬ 
tiality for higher ptante is not yet cer¬ 
tain. Although \mnadium is not very 
toxic to human beings, it has been 
shown to be toxic to rats at a dietary 
concentration as low as 25 ppm. 


in human tissues. In plasma It is 
bound to the transferrin component 
of theA -globulin fraction. Its biologi¬ 
cal function is dominated by 
Cr-t-^ state. This ion forms ocumedral 
complexes stable at pH 4 or leaa 


Table 1. Amounts of elements present in a 70 fcg htmuin bodjf 


A. Metals ■ B. Non-metals^ 


element 

Amount (gm<) 

Element 

Amount (gmj 

Na 

70 

H 

6580 

K 

250 

. C 

' 12.680 

Mg 

42 

N 

1815 

Ca 

1700 

0 

43,650 

Mn 

1 

P 

680 

Fe 

6 

>s 

100 

Co 

1 

Cl 

115 

Ni 

1 

1 

1 

Cu 

1 



,Zn 

1-2 

/ 


,Mo 

1 . 
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Though hexavalent chromium is bet¬ 
ter absorbed than its trivalent stats, 
the former is more toxic than Cr-*-’. 
Exposure to high chromium levels 
has .been held responsible for lung 
cancer in man and liver and kidney 
damage in animals. VWieat leaves 
contain about 4ppm-6ppm of Cr but 
most plants contain less than 1 ppm. 
There are numerous reports on toxic 
effects of Cr on plants. 

(d) MagantsB. It is an es8er\tial ele¬ 
ment for animals and f^ants. In 
human body its amount ranges from 
12mg-20mg. One well-known metal- 
toprotein containing Mn is pyruvate 
carboxylase. Manganese hds been 
shown to play a vital role in photosyn¬ 
thesis. Its deficiency causes gonadal 
dysfunction and skeletal deforma¬ 
tion. It is believed that Mn is the least 
toxic of all the trace elements; yet 
excess metal condition causes 
atoxia. Chronic Mn poisoning has 
been reported to occur among 
miners. 

( 0 ) Iron. It is a very Important element 
for both plant and animal kingdom. 
More than 50 iron proteins are known 
at present. Their number is increas¬ 
ing. These Iron proteins may be 
broadly classified as (i) Iron transport 
and storage proteins and iron pro¬ 
teins containing labile sulphide 
groups, (ii) Iron flavoproteins, and 
(lii) Iron porphyrin proteins or hae- 
moproteins. Its important oxidation 
states are two and three. Human body 
contains about 4g-5g or 60ppm- 
70 ppm of iron. Most of this is in com¬ 
plex forms bound to proteins either 
as porphyrin or haem compounds 
(particularly haemoglobins and myo¬ 
globins) or as non-haemoproteins 
such as ferritin and transferrin. 
Haemoglobin plays a pivotal roleinalt 
animals and about 60%-7-0% of body 
iron in man is incorporated as hae¬ 
moglobin. Its role in respiration by 
reversible binding of dioxygen has 
been extensively investigated. The 
highest concentration of iron is pres¬ 
ent in liver, spleen, kidney and heart. 

, Deficiency of iron causes many dis- 
ijases including anaemias. However, 
prolonged administration of iron 
containing drugs has been found to 
be harmful and may cause haemoch- 
romatosis and siderosis. 

(f) Cobalt. Cobalt is unique amonfj 
trace elements in that it is biologicall y 


active in higiher aninuils only when it 
is incOrporeted in the corrin ring as in 
vitamin Biz or as one of the cobalam- 
ide derivatives. The essentiality of Co 
for blue-green algae, green algae and 
some bacteria and fungi has been 
well established. Some positive 
response in growth and yield has 
been correlated with the presence of 
cobalt in higher plants. While cobalt 
deficiency has been shown to cause 
anaemia, a higher input in human 
body can cause polyethemia and 
coronary failure. 

(g) Nickel. Nickel occurs in both 
animal and plant tissues. The exist¬ 
ence of metalloproteins in human 
serum rich in n ickel and which con¬ 
tain other traice' metals was first 
reported in 196(). The observation led 
to speculation about the essential 
physiological role of nickel although 
the specific role has not yet been 
asserted. It was earlier believed that 
nickel has a low toxicity for several 
species and that nickel contamina¬ 
tion does not cause a serious health 
hazard to man. Recent investigations 
however have shown that excess 
metal condition may result in leuco- 
cytosis and coronary failure. On the 
other hand, deficiency of nickel has 
been proved to cause tertiary anae¬ 
mia and (retarded growth. 

(h) Copper. Copper is a functional 
constitufsnt of all cells. That is why 
there is a direct correlation between 
copper concentration and cellular 
activity. The normal range of copper 
in hum an body is between 100 mg to 
150 mg and normal adults require 
about 2 mg of copper intake every 


day. At least thirty copper containing 
proteins and enzymes have been 
reported. They include cerebrocu- 
prein, celluloplasmin, erythrocu- 
prein, and haemocuprein, which are 
among some essential mammalian 
copper proteins. An important fea¬ 
ture of copper enzymes is their ability 
to use molecular oxygen directly. A 
delicate balance of copper is neces¬ 
sary, even a slight increase or 
decrease in co)3per concentration 
may cause severe internal disorders. 
Copper deficiency in animals results 
in inhibition of cytochrome oxidase 
activity and gives rise to kinky hair 
syndrome and secondary anaemia, 
whereas excess of copper causes 
copper toxicity leading to ailments 
like cataract and Wilson's disease. 

(i) Zinc. The human body contains 
about 1.4g-2.3g of zinc. This is about 
half the amount of iron present. Male 
sex organs have a high concentration 
of zinc. Zinc is required for the activity 
of several enzymes and is involved in 
the RNA and protein synthesis. It is 
implicated in the production and 
functioning of several hormones. Zn 
has been proved to be essential for 
higher plants, bacteria, fungi, green 
algae and blue-green algae. Defi¬ 
ciency results in the decreased activ¬ 
ity of various zinc containing and zinc 
dependent enzymes causing hypo¬ 
gonadism and dwarfism. Exposure to 
zinc vapour has been shown to cause 
what is known as metal fume fever. 

(i) Molybdenum. This metal has a 
profound effect on copper metabo¬ 
lism. Xanthine oxidase inanimalsand 
nitrate reductase in plants arewell- 


(Continued on page 112) 


Trace element 

Deficiency symptoms 

Excess metal symptoms 

Van adium 

^eletal defects, reproductive 

Inhibition of ribonuclease 


failure 


Chiromium 

Corneal opacity 

Lung cancer, liver & kidney damage 

Ma.nganess 

Skeletal & cartilage defects, 
Qdnodal dysfunction, 
reproductive failure 

Blood disorders, anaemias 

Ataxia 

F*a 

Haemochromatosis siderosis 

Co 

Anorexia, anaemia 

Polycythemia coronary failure 

Ni 

Perinatal mortality, retarded 
growth 

Leukocytoais,‘coronary failure 

Cu 

Cardiac disorder, skeietal & 
vascular defects, anaetnia and 
kinky hair syndrome 

Wilson's disease 

Zn 

Anorexia, foetal malformation. 
Perinatal mortality, drawfiam 

Metal fume fever 

Mo 

Defective keratinisation 

Gout 
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EVOLUTION OF GENETIC 
LANGUAGE 


Th# MMMMMiMnt o« a 0«n«llc language which exist in all 
IHa forma poa^My came about as a result of specific 
slareochamical rslallonship between nucleotide triplets of 
RNA and amino adds 


SHAMIMA ANSAR I 
MASOOD AKHTAR 
MUJAHID A. KHAN 


T oday wt m* inrioM forma of IHa 
which dfffar In Htair ahapo, aiza 
and organlaation. Many of Hiom art 
viaiMo to tha nakod ayoa whila othara 
ara ao amall that wa cannot appra- 
hand tiam. Howavar. tha aaaanca of 
Ufa In all thaaa forma iaaaaantlally tha 
aama. Thay ara andowad with two 
charactara, namaly, ma ability to 
frartafar and tranaform anargy in a 
diractad way and tha ability, having 
laarnad thia procaaa onoa, to 
ramiambar and tranafar it from one 
ganaration to tha naxt. Thaaa propar* 
tiaa ara primarily aaaociatad with two 
biopolymara, tha protain for tha 
anargy convaraion procaaa and tha 
nuclaic add for tha information 
tranafar procaaa (M. Calvin, 1M4: 
Univoraity of California, Sarkalay, 
U.S.A.). In fact, dlffarant fifa forma 
cm too conaldwod aa voriouaafflciont 
tharmodynamic ayatama which 
natura haa praaorvad Inganiouily 
during tha oouraa of bioioQicai avoiu- 
tion. Nuclaic acida playad a pivotal 
rota in acoomptiahirtg continuity of 
Ufa. Thay ara capabla of tranamltting 
and atoring information from ona call 
(urdt of iifa> lo tha othar by^maana of 
thair nuciaotida Mquancaa (tha 
buMding biocka of nuclaic adda) 
which, hrtum, da t a rm ina andno acid 
(monomwa of proMina) arranga- 
manla in oaii pmaatna. 

Uidta of nudatc acitto ara nuoiao- 
tieaa. Thoaaincihoimra araa complax 
nt Hpim mmotmrn , nmmf, iSwar 
phorte add^pafli^ augara (D-daoxy 
iligitbiW lNl|iiM|dftdJba'0l^^ 
liiwi (piMfnab" airid 


Purinas include adenine (A) and gua¬ 
nine (Q) (Fig. 1). while cytosine (C). 
Thymine (T) and uracil (U) come 
under pyrimidines (Fig. 2) A purine 
always pairs with a pyrimidine and 
v/cavarsa. The pairings are A=T or U 
and Q>=C which are stabilized by two 
and three hydrogen bonds respec¬ 
tively. The two adjacent nucleotides 
in a nucleic acid molecule are stacked 
by phosphate diester bond and con¬ 
stitute 5’ and 3’ ends of the molecule 
(Fig. 3). There are two species of 
nucleic acid, deoxyribonucleic acid 
(DNA) and ribonucleic acid (fiNA). 



N N 


ADENINE 


0 


DNA contains D-deoxyribose 
sugar and all nitrogen bases except 
uracil. It is a double helical structure 
of poiynuctaotida chains running 
anti-paradai to each other where 
purine and pyrimidine ramam to the 
inner side of the molecule in their 
complementary fashion, leaving 
phosphala-augar backbone to the 
outer sMa (Fig. 3). DNA stores and 
transfara hereditary informatjon of 
the call. In addition, it creates'its own 
replica and so maintains the biologi¬ 
cal system generation after 
generation. 


0 



GUANINE 


hn'^^V- 

A ^ 

^ N 
H 

THYMINE 


Fig.l. Purlnti 
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Fig 3 A po.don cl DNA 


complementary nucleotides for pair¬ 
ing with codon of mRNA during the 
synthesis of protein. All tRNAs differ 
widely in their nucleotide sequence 
which enables the aminoacyMRNA 
synthetases to recognise each tRNA 
and match it with the proper amino 
acid on 3' terminus of the molecule. 
The enzyme has two recognition 
sites one for an amino acid and the 
other for its corresponding 1RNA. 
Hence, it.increasea fidelity of protein 
synthesis by identifying correct 
combination Now, the amino acid- 
IRNA complex becomes ready to 
enter the ribosomes for the synthesis 
of protein The ribosome promotes 
accurate codon-anticodon pairing 
and causes successive codons to be 
ead and the corresponding amino 
acids to be covalently linked with 


RNA is composed of D-ribose 
sugar and also possesses all nitrogen 
bases except thymine (only tRNA 
contains thymine). It constitutes sev¬ 
eral subspecies, viz., mRNA, tRNA 
and rRNA mRNA ts a single strand of 
polynucleotide chain. It carries the 
stored information of DNA for trans¬ 
lation into various proteins There¬ 
fore, It serves as a blueprint for the 
bioU'gical system. The blueprint 
(mRNA) expresses each amino acid 
in a language of four alphabets 
(nucleotides) which has the vocabu¬ 
lary of sixtyfour words (codons) 
Each word Is represented by three 
alphabets and the language is called 
“genetic code”. All these codons 
specify2Guf, L-aminoacids(Tablet) 
The particular arrangement of the 
codons in a blueprint embodies 
ammo acid sequence of the desired 
protein. 

Mechentam of protein ayntheels 

The codons of a blueprint are 
decoded with the help of tRNA, 
amtnoacyl-tRNA synthetase and ribo¬ 
somes. Of these. tRNA acts as a veh¬ 
icle for transferring free amino acids 
into assembled chains of proteins 
Each tRNA assumes a three dimen¬ 
sional clover leaf-like (L-shaped) 
atrurture containing dihydroundylic 
(DHU), anticodon, variable and pseu- 
douridylic (T^ U) loops as well as an 
acceptor arm. Acceptor arm contains 
CCA sequence of nucleotides at the 3' 
end of-ell tRNAs for amino acid att^ 
aohment. Anticodon loop has three 


Table 1. The code word dictionary 




C 

A 

G 


1 

Phe 

Ser 

Tyr 

Cys 

3 

U 


Phe 

Ser 

Tyr 

Cys 

c 

u 

Uu 

Ser 

Ochre 
{End } 

End 

A 


Leu 

Ser 

Amber 
{End ) 

Trp 

G 


Leu 

Pro 

His 

Arg 

U 


Leu 

Pro 

His 

Arg 

C 

c 

Leu 

Pro 

Gin 

Arg 

A 


Leu 

Pro 

Gin 

Arg 

G 


lie 

Thr 

Asn 

Ser 

U 


lie 

Thr 

Asn 

Ser 

C 

A 

lie 

Thr 

Lys 

Arg 

A 


Met 

{Initiation) 

Thr 

. 

Lys 

Arg 

G 


Val 

Ala 

Asp 

Gly 

U 


Val 

Ala 

Asp 

Gly 

C 

G 

Vdl 

Ala 

Glu 

Gly 

A 


Val 

Ala 

, Glu 

Gly 

' G V 


5^ .Reading.-3* 
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each other. Therefore, it receives 
genetic information and translates it 
into proteins. Ribosomes are com¬ 
plexes of RNA and proteins and can 
be separated in two subunits, i.a., 
small and large. Small subunit pro¬ 
vides spaces for accommodation of 
tRNA,and mRNA simultaneously and 
helps in correct reading and translo¬ 
cation of codons. On the other hand, 
large subunit contains peptidyl- 
trarvsferase which undertakes the 
addition of amino acid to the growing 
chain of protein. 

In brief, ail these molecules are 
oriented in the mam stream of ail life 
processes in such a way that a cycle is 
setup that manufactures various pro¬ 
teins as and when needed Thesepro- 
teins exist and work' together in an 
integrated system which constitutes 
life. 

Various theories 

The preceding discussion clearly 
establishes a correlation between 
nucleotide sequence and ammo acid 
Hqw did nature establish this rela¬ 
tionship? Though many biochemists 
like C R. Woese {Proc. Natl Acad 
Sc/. U S . 54; 71, 1965), T.M Sonne- 
born [In Evolving Genes and Proteins 
{V Bryson and H.J. Vogel, eds ), p 
377, Academic Press. New York, 
1965], A.L. Goldberg and R E Wittes 
{Science, 153;420, 1966) and J.C 
Lacey and K M, Pruitt (Nature, 
223:799, 1969) paid considerable 
attention to the issue, none could 
fully explain it because there are 
numerous experimental limitations. 
For instance, we cannot create 
exactly the same prebiotic environ¬ 
ment in the laboratories that was pre¬ 
valent during the synthesis of genetic 
apparatus. Most of the views 
advanced in this direction are there¬ 
fore based on speculations and logi¬ 
cal interpretations of the structural 
and functional behaviours of these 
molecules. There are two schools of 
thought regarding the evolution of 
genetic language. One holds that 
there is a stereochemical relationship 
between three nucleotide sequences 
(codon) in mRNA and amino acid It 
also advocates the existence of the 
same genetic code since its origin In 
1965, S.R. Peic of Medical Research 
-Council, Biophysics Research Uni¬ 
versity, London, showed a schematic 
correlation between codons anddif- 


ferent ammo acids He deduced that 
codons containing U or C in second 
place specify all hydrophobic amino 
acids, the moleculesf requently end m 
a methyl group (CHi) Those with 
branched methyl gioups are in the U 
column: OH-groups are seen m th»-> C 
column, the acidic and basic amin-; 
acids have A or G as the second base. 
Moreover, simple changes m the 
structure of an amino acid are accom¬ 
panied by a change of only one base 
in the codons (Table 2) Conversely, 
transformations involving a more 
complicated rearrangement of an 
ammo acid molecule usually involve 
more than one step for the change in 
the codon.e g , valine to methionine 
In ihe subsequent year, S.R Pelcand 
M G.F Welton of Biophysical 
Research University, • London, Con¬ 
structed molecular models represent¬ 
ing nucleotide triplets and then 
corresponding amino acids They 
inferred that such a logical arrange¬ 
ment cannot arise by chance, but 
there was a definite stereochemical 
relationship between nucleotide tri¬ 
plets and aminoacids which led to the 
evolution o1 genetic code into its 
present form F H C Crick (1967) of 
Cavendish Laboratory, U K, 
inspected and pointed out some 
drawbacks of these molecular mod¬ 


els One of the defects was that all the 
polynucleotide sequences had been 
built backwards, e g., their AAG for 
lysine was in fact GAA (which codes 
for glutamic acid) t'herefora. he ;or 
eluded that these "lOfieis vere ate- 
rec'Chemicaily unaccuptaWe . P 
Dunnill (1966) working at Boan> 
Department of UniversTy Cotiuge, 
London, established the stereochemi 
cal reiatiorisnip of anticodons ano 
amino acids m which van der Waais' 
forces (weak forces of attraction that 
bring the interacting molecules suffi¬ 
ciently close through hydrogen atom 
bridging) stabilize amino acids in tri¬ 
nucleotide pockets He inferred that 
interaction-of anticodon and amino 
acids might have evolved through a 
selection by steric restriction rather 
than by the formation of a chemical 
complex with trinucleotide. This con 
elusion IS based in part on the,use ot 
isoleucmo codon (AUA) as a model 
for a putative methionine codon 
(AUA). Therefgre, it would be prema¬ 
ture to put this hypothesis forward as 
a general one 

The other view postulates that the 
existing genetic language may be 
derived from a primitive code which 
was able to specify only a few amino 
acids F H C Crick of Cavendish 
Laboratory, U.K, discussed the 


Table 2. Correlation of a structural difference of an amino acid with 
change of codon 


Ammo acid—I Change Ammo acid-ll Codon changes 

f-rnm Tc 


Gly 

CHi 

Ala 

GGU 

GCU 

Ala 

0 

Ser 

GCU 

u.;u 

Ala 

CHi-C—H 

Val 

GOU 

GUU 

Ala 

COO 

Asp 

GCU 

QAU 

Asp 

CHi 

G!u 

GAU 

GAA 

GLU 

-OH 

Gin 

GAA 

CAA 

Asp 

-OH 

rNH? 

Asn 

Ci.M ■ 

AAU 

Val 

CH? 

Leu 

GUU 

CUU 

Vai 

CHy 

lie 

Gi )U 

AUI) 

Ser 

Benzene 

Tyr 

LiCU 

UAU 

Ser 

-OH 
+Benzene 

Phe 

UCtl 

UUU 

Ser 

-OH 

*SH 

Cys 

UCU 

UGU 

Ser 

-OH 
+ Indole 

Trp 

UCG 

UGG 

Tyr 

—Benzene OH 
-rlminazote 

His 

UAU 

CAU 

Ser 

CHy 

Thr 

UCU 

A.'tU 
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hypothesis at length before a meeting 
of British Biophysical Society on 
Decembai 20, 1966. According to 
him, tne primitive system would not 
need .’Il20#mino acids, a system of 4 
or 6 amino acids would have been 
sufticicnf. The system wasliKeiytobe 
connected wiin nucieic aud replica 
tion, but the sequence ot the nucleic 
acids had to be right. This would 
i probably have come about by chance 
i and the present code presumably 
came into existence in three phases. 

1. The primitive code in which a 
•fnall number of ammo adds were 
specified by a small number of 
triplets. 

2 The intermediate code in which 
the primitive amino acid took over 
most ot the triplets of the genetic 
language in order to reduce non- 
aenae triplets (which do not code 
any amino acid) to the minimum. 
The codona produced by this pro¬ 
cess for any one amino acid were 
likely to have been related. 

3. The final code, as we have it 
today, might be operated to min¬ 
imize the d{imaglng effects of 
present day mutations (shifting, 
addition ordeletion of nucleotide/ 
nucleotides) in the nucieic acid 
molecule on mdividual proteins. 

Later in 1973, T.H. Jukes of Space 
Science Laboratory, University of 
, California, U.S.A.. elucidated this 
, view fifter examining the nucleotide 
sequence of anticodon loop of tRNA 
' as well as coder - anticodon : 

' tions. He suggested that ancestral 
i code might specify oniv '0 ammo 
I acids, namely, leupineand valine with 
i hydrophobic side chains; the "helix 
j breaker” proime; the two simple 
i amino acids, alanine arxf glycine: his- 
: tidine, vrhich binds substrates and 
j prosthetic groups; aspartic urui glu¬ 
tamic aads, the acidic pa*r; a basic 
i amitto acid ornithine, and glutamine 
I which is somewhat hydrophiilic. The 
\ expansion of this code gave rlee to an 
; intermediate gerwtlc language for 
j eighteen amino acids by ^esuppres- 
• slon In 3’-1’ pairing of codon and anti¬ 
codon nu.bleoticles, between G and U 
^ and v/oe versa. Further expansion 
established the modern genetic code 
i which could accommodate 20 amino 
acids. Moreover, ornithine mlghthav# 
been replaced by arginine during the 
ji- course of evolution (Table 3). How¬ 
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ever, these models pose a problem: 
why does not an intermediate geriettc 
code occur in any form of life? In this 
context, he suggested that a single 
<,pt'C'e$ of organism, possessing the 
present code, displaced all other 
forms equipped with pirimitive genetic 
apparatus and proceeded by diver- 
sent evolution, marked by gene dupli¬ 
cation. allopative speciation and 
natural selection to give rise to vari¬ 
ous existing forms of life. 

No doubt, these models reveal an 
affinity between nucleotide triplets 
and amino acids,, however, they do 
not explain evolution of entire genetic 
machinery as it exists today. 
Recently, M, Eigen and his colleagues 
at the Max Planck Institute for Bio¬ 
physical Chemistry in Gottingen. W, 
Germany, advanced the "Quasispe¬ 
cies and Hypercycle Theory" by 
using virus Q as an experimental tool 
for building of their model. According 
to this theory, non-instructed RNAs 


were syntheslzsid from the free 
nucleotides in the presence of certain 
chemical catalysts during prebiotic 
era. These RNAs )5roduced their 
enormous copies which differed in 
their nucleotide sequence. The com¬ 
petition for "food" (energy-rich mon¬ 
omers) resulted in the “survival" of 
the RNA sequence that was best 
adapted to the prevailing conditions, 
which they called the master 
sequence, together witti a “comet 
tail" similar sequence (erroneous 
molecules) derived from the master 
sequence by mutation. The master 
sequence had the most favourable 
combination of copying fidelity, sta¬ 
bility and replication rate. Existence 
of the mastersequence, together with 
a huge swarm of mutants derived 
from it, was called "quasispecies”. 
They also calculated the threshold 
value for the stable replication of a 
genetic message. It ranged from 50to 
100 nucleotides which was similar to 


Table 3. Chang** in anc**tnil code leading to present code for ten 
amino acida 

Codons Codons Codons Codons 

(I) Ancestral code for ten amino acids 


UUN 

Leu 

UCN 

Pro 

UAY 

His 

UGN 

Arg (Orn) 





UAR 

Gin 



CtJN 

Leu 

CCN 

Pro 

CAY 

His 

CGN 

Arg (Orn) 





CAR 

Gin 



AUN 

Val 

ACN 


AAY 


AGN 


GUN 

Val 

GCN 

Ala 

GAY 

Asp 

GGN 

Gly 





AAR 






1 


GAB 

Glu 



GUN 

Val 

GCN 

Ala 

GAY 

Asp 

GGN 

Gly 





GAR 

Glu 




(li) Ctiangesm (t) leading to code 2 as a result of enzymatic modification of tRNA base 
40 and consequent suppression of U—G pairing . 


UUY 

Phe 

UCN 

Ser 

UAY 

Tyr 

UGN 

Cys 

UUR 

Leu 



UAR 

CT. 



' CUN 

Leu 

CCN 

Pro 

CAY 

His 

CGN 

Arg (Orn) 





CAR 

Gin 



AUN 

lie 

ACN 

Thf 

AAY 

Asn 

AGN 

Ser 





AAR 

Lys 



GUN 

Val 

GCN 

Ala 

GAY 

Asp 

GGN 

Gly 





GAR 

Glu 



(ill) Changes in (ii) leading to praaent code as a result of reassignment of tRNA* 

UUY 

Phe 

UCN 

Ser 

UAY 

Tyr 

UGY 

Cys . 

UUR 

Leu 



UAR 

• C.T. 

UGA 

C.T. 







UGQ 

Trp 

CUN 

Leu 

CCN 

Pro 

CAY 

His 

CGN 

Arg 





CAR 

Gin 



UAY . 

lie 

ACN . 

Thr 

AAY 

Asn 

ACY 

Ser 

AUA 

lie 



AAR 

Lys 

AQR 

Arg 

AUG 

Met 







.GUN 

Val 

«CN 

Ala 

GAY 

Asp 

GGN 

Gly 





GAR 

Glu 

1 

— ■ 
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FIb.4. a Mlwmatic rafdwMntatlon of 
hyporcycia coupling, an Infomiatlon- 
carrying RNA (li) codaa lor a primitiva 
anxyma (Ei) that halpa to lapllcata anothar 
RNA (b), which almllarly halpa for h 
lapHcation through Its translational 
praduct (Et) 

the size of today’s tRNA. The thre¬ 
shold limit was attainable only by 
RNA sequences rich in G and C 
nucleotidqs. Stability of a quasispe¬ 
cies therefore depended upon how 
much Its master sequence competed 
with its mutant and obeyed the thre¬ 
shold law so that errors might not be 
accumulated. However, it was too 
shortfora genetic message to encode 
a funtional protein. The limit was 
eventually overcome by the develop¬ 
ment of a capability for the translation 
of genes into proteins, and so of 
enzyme machinery that reduced the 
wror rate in replication enough to 
make possible gene length upto sev¬ 
eral thousand nucleotides. This bar¬ 
rier iastill reflectedinthelimitedgene 
length ot present single stranded 
RNA viruses, even though the viruses 

4IINE1M9 


were in a much later evolutioriary 
development. Further extension of 
gene length was possible only with 
the appearance of mechanisms for 
detecting and correcting errors. Dis¬ 
tinction of right from wrong could 
then be made If the newly formed 
daughter strand remained associated 
with its parental template In which 
case “wrong” could be identified 
chemically as "unpaired”. This was 
accomplished by the appearance of 
DNA on the scene equipped with 
ONA polymerases for fidelity of repli¬ 
cation which allowed gene lengths to 
be extended to millions of nucleo- 
tidm. At the same time, the high fidel¬ 
ity of replication narrowed the 
opportunities to provide variability by 
means of mutation. This obstacle was 
overcome by the development of 
,recombinative processes through 
sexual reproduction. Incorporation of 
these enzymes for high replication 
fidelity of a stable quasispecies was 
accompanied by the translation of 
RNA sequence into the protein 
because the gene length had now 
crossed the minimum value for pro¬ 
tein synthesis. Quasispecies with its 
translational product established the 
genotype and phenotype dichotomy. 
Stabilization of this system was based 
on enzymatic replication of genetic 
information which could be achieved 
only by translational product of other 
quasispecies and viceversa (Fig. 4). 
They called it “hypercycle” and pos¬ 
tulated three rules for coexistence of 
quasispecies. 

1. Each quasispecies .itself must 
remain stable, i.e., each master 
sequence must compete success¬ 
fully with its mutants so that errors 
do not accumulate. 

2. The different master sequences, 
with different selective values, 
must tolerate each other because 
of mutual catalytic couplings. 

3. The coupied set must remain sta¬ 
ble, regulating the populations of 
its members and competing, as a 
set with alternative sets. 

Likewise, many quasispecies might 
come to exist for continuity of genetic 
information. Moreover, new quasi¬ 
species could be accommodated 
or could replace a quasispecies in 
a hypercycle if the new one 
developed the affinity for any 
quasispecies of the hypercycle 
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during evolution (Fig. 5). Hypercydic 
coupling operates today when an 
RNA virus attacks a cell. Information 
is supplied as a sirtgle plus strand of 
RNA. It is translated by the machinery 
of host cell into an ^yme that, with 
the help of host factors, replicates dte 
RNA producing a minus strand which 
in turn is replicated to produce a new 
plus strand (Fig. 6). 

Coneliialon 

To sum up the entire discussion, a 
few inferences'can be dravm regard¬ 
ing the origin of genetic machinery. 
The abundant energy sources during 
prebiotic period like lightning, shock 
waves, ultraviolet radiations or hot 
volcanic eruptions played a crucial 
role in conversions Of early surface 
materials into a great variety of 
organic substances including 
nucleotides and amino acids. Some 
of the first nucleotides might have, 
polymerized Into nucleic acids in the 
presence of certain chemical cata¬ 
lysts. Process of selection led tocrM- 
tion of a stable molecule of RNA that 
attained a definite length for its per¬ 
petuation. However, It might have 
been too smalt to encodes functional 
protein. This problem was probably 
overcome in species rich in Q and C 
nucleotides which caused the RNA to 
achieve sufficient length to code fora 
protein. It seems logical that the cod¬ 
ing of the protein might have obeyed 
the stereochemical relationship 
between nucleotide triplets and 
amino acids. It led to the establish¬ 
ment of a genetic language which is 
still omnipresent in all life forms. The 
appearance of DNA on the biological 
scene might have been a later devel¬ 
opment. Probably, it served the pur¬ 
pose of storing a lot of the genetic 
information because it could attain 
very large lengths through comple-. 
mentary base pairing as well as pro¬ 
tecting the nucleotide sequence 
(genetic message) from the sur¬ 
rounding environment. Therefore, it 
helped in the synthesis of large poly-^ 
peptide chains which could performs 
great variety of functions through 
their more variable amino acid 
sequences than.the short polypeptidp 
chains. Moreover, DNA might have 
also provided fidelity in replication of. 
genetic message. At the same time, i 
the genetic message of DNA could 
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not be read until the nucleotide 
sequences were exposed or copied 
for translation. It was still associated, 
with the RNA molecule. At this stage, 
various hypercycles may have oper¬ 
ated and maintained the continuity of 
genetic information through the 
passage of time. 
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Proceedings of the Tenth Inter¬ 
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Edinburgh, pp. 41-56 (1964). 
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code. Nature, 213, 119 (1967). 
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building,/b/d, 213, 798 (1967) 
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8. Lehninger, A.L., Biochemistry, 
Worth Publishers. Inc., New 
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11. Speyer. J.F., The genetic code, 
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that Is translated In the presence of host 
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repllcales the RNA, producing a minus 
strand. The minus strand Is replicated 
further to produce plus strand 
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LIVING WITH ATOMIC 
RADIATION 

K.S. PARTHASARATHY 


What are ionizing radiations, 
and benefits? How do we 
radiation protection? 

S INCE the discovery of X-rays by 
W.C. Roentgen in 1985 and 
radioactivity by Henri Becquerel m 
1896, penetrating ionizing radiations 
have found several applications in, 
medicine, industry, agriculture and 
research Many uses of these radia¬ 
tions are unique. A, few of them are 
indispensable. Medically needed radia¬ 
tion procedures save lives Radioiso¬ 
tope techniques help improve crops, 
assure quality of industrial products 
and are irreplaceable in oil prospect¬ 
ing and hydrology. From ensuring 
proper mix of chocolate and other 
ingredients in the sweetmeat industry 
to measuring the flow rate of the 
Ganges, from helping heart to keep 
pace to the generation of power for 
industries, taming of atomic radiation 
embraces every aspect of human 
endeavour. 

Just as with many other physical 
and chemical agents, some risk is 
associated with the use of ionizing 
radiations. Radiation protection 
measures maximise benefits and rhin- 
imise risks. The exposure of man to 
radiation is inescapable because nat¬ 
ural radiation is an inseparable part of 
the environment. What are ionizing 
radiations, their effects, associated 
risks and benefits'^ How do we 
achieve the objectives of radiation 
protection? 

lonlaing radiations 

All materials, whether animate or 
inanimate, are made uo of an element 


their effects, associated risks 
achieve the objective of 

or a combination of some of the ele¬ 
ments such as oxygen, carbon, hyd¬ 
rogen, nitrogen, calcium, etc. Atom is 
the smallest particle of an element 
. and is electrically neutral, but when 
radiations such as X-rays’ pass 
through matter, they remove eiec- 
trons and leave a positively charged 
ion behind. Such radiations are 
called ionizing radiations. 

Radioisotopes which are atoms 
with unstable nuclei also emit ioniz¬ 
ing radiations either in the form of 
tiny particles of matter (alpha or beta 
particles or neutrons) or in the form 
of packets of energy (gamma rays). 
Ionizing radiations cannot be seen, 
smelt or felt We need special instru¬ 
ments to detect them 

Radiation in the environment 

Ionizing radiation is an inseparable 
part of the living environment. Man is 
continuously being exposed to natu¬ 
ral radiation from outer space, rocks, 
etc., and man-made sources of radia- 
fidh (X-rays, artificial radiqjsotopes) 
The intensity of radiations from outer 
space is not reduced significantly by 
the walls or the roofs of the houses we 
live in. It is a minimum aMhe equator 
near sea level but increases with alti¬ 
tude. Atmosphere itself is a shield 
against cosmic rays. Air travellers get 
some extra dose due to cosmic rays. 
Supersonic aircraft are equipped 
wjth radiation monitors. The pilot 
brings down the aircraft to lower 
heights when cosmic rays intensity 
increases due to solar flares. The 


increases can be ten fold durincj 
these rare events. Cosmic rays alsfr 
produca radioisotopes such^ a * 
carbon-14, tritium and beryllium-7 ir 
the atmosphere, 

Every cubic metre of ordinary so 
in our backyard contains radium, tho 
rtum, potassium-40, etc., more tha 
30 radioisotopes' totalling over sev 
eral Mega becquerel (Bq) of radidac 
tivity (Becquerel is a , unit c 
radioactivity, just a.8 litre is the unit c 
volume. Mega becquerel is equal t 
one million Bq. Ever y becquerel of 
radioisotope has on.e atom disintt 
grating per sec). 

Inhabitants of concrete or brie 
houses receive more radia,*fon dos 
than those living Jn wooden house 
due to natural radioactivity of th 
bricks. 

Human body contains potasfliun 
40. carbon-14, tritium, radium, thr 
rium, etc. Do you know that sevdr 
thousand beta particles from mar 
radioisotopes are emitted in. tA 
human body every second? Gamrr 
rays from a person can reach yo 
when you are-near him. 

Trace amounts of radiois'otope 
are presernt in food, water or air. Mi' 
contains nearly 200 times moi 
radioactivity than .drinking wate 
Radioactivityrpresent in beer is f 
times more than that in drinkir 
water. 

Wherever we are, the air we tiVeatt 
contains measurable amounts 
radon and decay products. Radon, £ 
inert radioactive gas, is formed by tt 
decay of r.adium and thorium in buih 
ing matenials or in the earth’s cru: 
Radon concentration in dwellinc 
increases with decrease in ventil 
tion. In cold countries, the ventilatic 
rates are reduced to cut cost of hec 
ing. RadoiT level increases signi 
cartly in energy efficient homes. Tl 
concentratic'n of natural radioactivi 
in air is seve ral hundred times mo 
than that due to man-made sourer 
Beach tends of Kerala 

The total rad'iation dose to man vr 
ies considerably from place to plac 
In Kerala the inhabitants of a 55 k 
strip of beach sands, which conte 
the world's richest deposits of th 
rium, receive about 3.8 millisievi 
per year. The average backgroui 
radiation dose is assumed to be 1 rr 
lisievert per year. Sieved is the unit 


Dr PtrtiMMrathy it Scientific Officer SE, Olvi'slon-of Radiological Protection. 3habha Atomic Wsearch Centre Jrombay, Bombay-400085 
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biologically affactive radiation dose. 
Mllilslevaii is a thousandth of siavart. 

Rbdtaben from man made soureas 

Medical X>ray procedures contrib¬ 
ute the highest among the man-made 
sources. In advanced countries, the 
average medical X-ray dose to popu¬ 
lation is of the same order as the 
bacKground radiation. Since X-ray 
faciiities in India are too meagre and 
the population Is every large, average 
medical X-ray dose to population is 
very small. The contribution to popu- 
latiort dose in india from nuclear 
power generation is negligible. 
Though the core of a nuclear power 
reactor contains enormous amounts 
of radioisotopes, the average popula¬ 
tion dose is less beca use of careful 
engineering design and control 
measure. 

Industrial uses of radiation, colour 
television sets and watches contain¬ 
ing radioluminous coi,impounds con¬ 
tribute small doses to population. 
The dose from rediofictive fallout due 
to testing of nuclea r weapons in the 
atmosphere is also< of small magni¬ 
tude: thanks to the cessation of 
atmospheric weapon testing.. 

Ionizing radiation is a double 
edged sword Public is often sensit¬ 
ized by an exagg<erated sense of fear, 
because they mostly associate radia¬ 
tion with the gruesome consequen¬ 
ces of nuclear warfare. Actually the 
effects of radiation on man are more 
comprehensively^ understood than 
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those of any other physical or chemi¬ 
cal agent we know of today. The Inter¬ 
national Commission on Radio¬ 
logical Protection has been 
updating the data and issuing recom¬ 
mendations since 1928. Its recom¬ 
mendations are accepted more or 
less uniformly by various national 
agencies on radiation protection. 

Biological effacls 

Human body is made up of cells. 
Ionizing radiations passing through 
the body may kill the cells or leave 
them undamaged. The functions of 
the organs are impaired only If too 


many oNlaara damaged or killed. The 
damage may be repairable at low 
dose rates. Oocasiptially the injury to 
the oelis may be suc^ biat they may, 
besides feHIng to repair the damage 
completely, reproduce. uncohtroHa- 
biy over many years to form cancer. 
Cancer inducing effect of radiatton in 
human body is not proved conclu¬ 
sively. Rwliation exposure to repro¬ 
ductive organs (testes or ovaries) 
may cause gene mutations in spenns 
or ore. This may cause genetic 
effects—effects that manifest in the 
children and grandcNIdren of the 
exposed individual. There is no evi¬ 
dence that Irradiation causes genetic 
effects in man. Still it is prudent to 
assume that radiation exposure even 
at low levels brings about some harm¬ 
ful effects, until it is irrefutably proved 
otherwise. 

A dose of several hundred rams 
given instantaneously to the whole 
body may be fatal. The same dose or 
more if given to a small area or to the 
whole body in several small incre¬ 
ments over a period may not be fetal. 
In radiation treatment of cancer, the 
cancerous region is exposed to a pre¬ 
cisely directed beam of gamma rays 
to kill the cancer cells with minimum 
damage to the healthy cells. 
Radiatton risk eomparad to other 
risks 

All human activities involve the 
acceptance of some risk. Smoking, 






Table 1. Radiation risk comiMrad to risk In other aodidAta 


Causa 

Chanoa of deate/year 

Smoking 20 cigarettes/day 

1 in 200 

Aoeidanta in daep sea fishing 

1 in40a 

Natural causes. 40 year old 

1 in 500 

Aeddents on the road 

1 in 5000 

Accidents in the home 

1 in 10,000 

Accidents at work 

1 in 20,000 

Radiation work - 

1 in 20.000 

(0.5 rem/year) 




Fig. 3. R«dl«llon Instrument used in 
radlotlwrepy 


rock climbing, deep sea fishing, driv¬ 
ing cars, going for work, etc., are some 
examples (Table 1) Smoking is 
admittedly the riskiest of all human 
activities. Still people continue to 
»smoke ‘cancer sticks'. If 200 persons 
smoke 20 cigarettes per day. one of 
them may die of lung-cancer every 
year. In the so called safe industries 
the risk is known to be one in 10,000. 
The maximum permissible dosage to 
radiation workers is 50 millisievert 
annually. But radiation work can be 
carried out efficiently at average 
doses much less than 10 per cent o1 
the maximum permissible At 5 milli¬ 
sievert per year the risk is only one in 
20,000. We accept risk in several 
areas as of no consequence Though 
we know that one person above age 
sixty is dying every 15 min or so, we 
do not keep a list of substitute speak¬ 
ers in reserve to take care of the even¬ 
tuality even when all the speakers we 
invite for a function are aged above 
60. The risk in radiation applications 
is evidently not more than that in 
other industries. 

Beneflls of nations 

Currently for more than 50% of 
cancer patients in India, radiation 
treatment is the best choice available. 
Nearly 1^ teletherapy machines ere 
used to treat cancer with external 
gamma rays; small sources of radium 


226 or cobalt 60 or caesium 137 are 
introduced into body cavities to treat 
cancer of mouth or uterus and into 
tissues to treat cancer of tongue and 
cheek. Radioisotopes together with 
modern imaging.devices and compu¬ 
ters help to diagnose functional dis¬ 
orders of vital organs such as liver, 
brain, lung, heart and kidney. Medi 
cally needed X-ray examinations con¬ 
tinue to be the most beneficial life 
saving procedures. Radiotracers help 
to decide how much and where fertil¬ 
izers must be used Groundnut and 
rice crops are improved by mutation 
breeding. Gamma radiographic 
cameras detect flaws, blow holes and 
cracks in welds, forgings and fabri¬ 
cated articles. Nuclear logging devi¬ 
ces help in oil prospecting Medical 
products get sterilized bv radiation 
techniques. Nuclear reactors provide 
electric power to various industries 
In all these uses of radiation benefits 
far outweigh the risks. 


How to achieve radiation protection? 

The Divisions of Radtoiogical Pro¬ 
tection and Health Physics. Bhabha 
Atomic Research Centre. Bombay, 
look after radiation protection in 
India Radiation doses to radiation 
workers are monitored regulady by 
supplying them with individual radia¬ 
tion measuring devices The dose 
records are examined periodically to 
see that no worker is exposefj to 
doses that exceed the maximum 
missible values The officials from the 
Division of Radiological Protection 
inspect radiation installations and 
offer guidance in improving work 
practices, etc. The sources rjro 
handled by workers who have ade¬ 
quate training and exfieneoce Tno-i 
sands of packages cnnlaininfj 
radioactive materials aie trans|.x»rti;‘d 
from the Bhabha Al!>nr>ir Reseatrh 


Centre every year Rigorous sffetv 
regulations exist in paokagi/ig latoei 
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ling and transporting these mate¬ 
rials. AM operations involving 
radiation or radioactivity in the 
nuclear power programme are care¬ 
fully planned and executed. Indigen¬ 
ous technology to handle and 
dispose of radioactive waste mate¬ 
rials have been developed The 
releases of radioactive material^ into 
the environment are closely con¬ 
trolled. Samples of air, water and food 
are collected and analysed routinely 
for their radioisotope content 

Radiation protection in hospitals 

Among the man-made sources of 
lomiirig radiation, diagnostic X-iay 
procedures contribute the highest 
dose to population. Can this 
contribution be reduced'? Do not 


insist on X-ray examinations. Let the 
doctor decide it. Do not wait inside 
the X-ray room when other patients 
are examined. You will be 
unnecessarily exposed to X-ray if you 
are inside X-ray exposure involves a 
smalt risk. We need not take it if it is 
not essential. Keep records of all X- 
ray examinations. Inform the 
physicians about all recent X-ray 
examinations. Repeated X-ray tests 
may not be needed. Patients to whom 
therapeutic amounts of radionuclides 
are applied should be confided to a 
separate room. Visitors must not 
remain near the patients. 

Radiation and pregnant woman 

Pregnant women should be extra 
careful about the X-ray examination 


Patients must inform the doctor 
whether tfwy are pregnant or thinx 
that they might be. The doctor needs 
this information to decide whether an 
X-ray examination is essential or not. 
If the patient informs the doctor that 
she is pregnant or thinks that she 
might be, she will not be sent for an X- 
ray examination unnecessarily. 
Pregnant women must not visit 
patients to whom therapeutic 
amounts of radioisotopes have been 
administered. The patient need not 
panic if any X-ray examination la 
undertaken when she is pregnant. In 
medically needed radiation 
procedures benefits far outweigh the 
risks. 

Further reading 

1 Sources and Effects of Ionizing 
Radiation, report by the United 
Nations Scientific Committee on 

. the Effects of Atomic Radiation 
(UNSGEAR) to the General 
Assembly, United Nations, New 
York (1977). 

2 Eisenbud. M., Environmental 
Radioactivity, Academic Press. 
New York (1973). 

3. Recommendations of the 
International Commission on 
Radiological Protection, ICRP 
Publication No. 26, Pergamon. 
Oxford (1977). 

4. Natural Background Radiation in 
the United States National 
Council on Radiological 
Protection (NCRP report No. 45), 
Washington, DC (1975). 

5. Radiation—A Fact of Life, IAEA 
Vienna (1979). 

6. Nuclear Power, the Environment 
and Man, Information booklet 
prepared jointly by the 
International Atomic Energy 
Agency and the World Health 
Organization. Vi^na (1982). 

7. Ionizing Radiation^Sources and 
Biological Effects. Report by 
UNSCEAR to the General 
Assembly, United Nations. UN. 
New York (1982). 
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Lowell’S prediction of 
Pluto challenged 


B efore the discovery of Pluto on 
January 21, 1930 by Clyde 
Tombaugh at the Lowell Observatory, 
Arizona, U.S A„ several astronomers, 
about half a dozen in number, had 
made predictions about its presence 
in the sky. But the credit for (he 
prediction is mainly given to the 
famous mapper of the Martian canals, 
Percival Lowell of the Flagstaff 
Observatory. If some historian of 
science is a little more considerate, 
W.H, Pickering of Mount Wilson 
Observatory would also be included 
in the credit list. But everybody has 
forgotten or ignored the prediction of 
Pluto made by an Indian astronomer 
V.B, Ketakar despite the fact that his 
prediction was the earliest of all and 
his findings were reported in the May 
1911 issue of the Bulletin of 
Astronomical Society of France (J. of 
Societie Astronomique, France). 
Moreover, .his prediction of the 
position of Pluto was not only more 
accurate than those of Lowell and 
Pickering but was also based on 
methods different from those 
adopted by all western astronomers. 
So claim three physicists J.G. 
Chabbra. S.N. Sharma and Manju 
Khanna of Punjabi university in the 
latest issue of the Indian Journal of 
History of Science Vol. 19 (1). 
Besides, Ketakar had also predicted 
the presence of what is today known 
as the "X-planet", the as yet 
undiscovered tenth planet in the solar 
system. He therefore deserves the 
recognition due to him in the history 
of astronomy. 

Lowell and Pickering had made 
predictions of Pluto on the basis of 
gravitational perturbations of the 
known planets, Uranus and Neptune. 


In other words, on the basis of 
gravitational forces acting on a 
known planet, its path was 
determined and then matched with its 
observed , one. The difference 
between the two, if any. called 
"gravitational perturbatioh", was 
naturally attributed to unknown 
gravitational forces due to 
undiscovered planets or bodies in the 
solar system. In 1915, Lowell 
predicted the presence of one planet 
but with two sets of orbital 
parameters On the other hand, 
Pickering predicted. a series of 
planets beyond the asteroid belt, 
seven in number, during 1909-1932. 
Ketakar however predicted the 
presence of two planets, called 
"Brahma" and "Vishnu" after two 
Hindu deities, taking the Jovian 
system as a miniature solar system. 
Modifying the Laplace’s laws for the 
Jovian system, which were then 
already confirmed by Delambre, he 
predicted the position of Pluto on 
some important dates from 
astronomical point of view. The 
extracts of his findings duly appeared 
in the aforementioned French 
journal. 

Only a year later, Ketakar further 
confirmed his prediction of Pluto on 
basis of the aphelions of comets. The 
paths of periodic comets are 
influenced by the gravitational forces 
of planets. He found that the 
aphelions of a few comets fall beyond 
Neptune indicating the presence of 
an unknown pianet. In fact, in his 
letter dated April 14,1912, addressed 
to M.C' Flammarlan. of the 
Astronomical Society of France, he 
reiterated his faith in the existence of 
Pluto around 39 A.U. -40 A.U. 


SCIENCE REPORTER 


98 


uiiiuftuiiaieiy, iiiuie ~ iiiW.r . B year " 

before Pluto was discovered, Ketakar 
suffered a paralytic stroke. He could 
not even speak and could rrot stake 
his claim for the prediction *of Pluto. 
He died soon afterwards, forgotten 
and ignored until his papers and 
correspondence Were discovered by 
S.N. Sharma. In the meanwhile, 
Pickering gave up his claim for the 
prediction of Pluto in favour of Lowell 
because the latter had kept some 
money tor a deliberate search for the 
planet. 

In the aforementioned paper, the 
three physicists have also made a 
comparative study of the findings of 
Lowell, Pickering and Ketakar for a 
specific date taking their predicted 
orbital parameters that are closest to 
those of Pluto. They found that while 
Lowell's and Pickerjng’s predicted 
longitudes of Pluto differed from the 
observed one by 5.9 and 5.6 
respectively, Ketakar's differ only by 
0.6! It seems as if Tombaugh’s 
discovery of Pluto on the basis of 
predictions by Lowell and Pickering 
was sheer coincidence. Moreover, ip 
1930, Ernest W. Brown, a celestial 
mechanics scholar of Yale University, 
U.S.A,, claimed that predictions of 
unknown planets beyond Uranus and 
Neptune on the basis of their 
gravitational perturbations cannot be 
made because they are very small and 
experimental errors are very large. In 
*' fact, when In 1926 Ketakar met 
another Indian astronomer H.P. 
Bhatta he told him that he had 
adopted new methods for prediction 
of trans-Naptunian planets because 
gravitational perturbations of Uranus 
and Neptune are very small. From the 
accuracy of prediction of Pluto by 
Ketakar it has now been proved 
beyond doubt that his was a reliable 
method, although it does not give all 
the orbital parameters of a planet. It 
has now alao come to light that some 
of the orbital parameters of Ketakar’s 
predicted "Vishnu", the tenth planet, 
come close to those of the X-planet as 
predicted in recent times by Joseph J. 
Brady of Caltech. Brady had used 
periods of Halley’s comet from old 
European and Chinese records for 
computation. Although enthusiasm 
for the X-planet has waned in recent 
times due to futile searches and also 
as this solar system is found to be 
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difficult to exist if alt Brady's findings fresh look Into Ketakar's work on the' 
arei^orrwt, there is a need to fake a etusive planet. 

Dilip M. Saiwi 


Arrival of a new phylum —Loricifera 


D iscovery of a new phylum is 
a rare happening in the scienti¬ 
fic world. During this century, it is only 
for the third time that a new phylum— 
Loricifera—has been discovered and 
added to the animal kingdom making 
the total number of phylum thirtyfive 
The new phylum comprises of the 
marine animals inhabiting the sea. 
The credit for the discovery goes to 
Reinhardt Kristensen of the Univer¬ 
sity of Copenhagen, Denmark, who 
found the specimens at a depth of 25 
m-30 m, dinged to shell gravels. How¬ 
ever, it was Robbert Higgins, a 
researcher at the National Museum of 
Natural History, Washington, D.C., 
who for the first time predicted in 
1961, the presence of the newly des¬ 
cribed phylum, while he was only a 
graduate student. Higgins later found 
one specimen in 1974 also but unfor¬ 
tunately failed to recognise it as a new 
and undescribed organism. 

The new phylum would have been 
discovered eight years earlier; when 
Kristensen first found a single speci¬ 
men in 1975 in a sample of coarse 
subtidal sand off Denmark. But a 
minor mistake in preparation of the 
slide for microscopic study destroyed 
the specimen and caused delay. He 
again encountered these marine 
creatures in 1980 in a sample of sand 
from-the coral sea of the south pacific. 
On examination they revealed to be 
the larval stages of the organism. 
Then came the eventful year of t 982 
when Kristensen found alt stages of 
lifecycle of the animal by an accident 
at a time. Kristensen was on a trip to 
the Marine Biological Station at Ros- 
coff in France. On the last day of stay, 
he found a huge sample (more than 
100 kg) of clean shelly gravels from a 
sea depth of 25-30 meters. Due to 
shortage of time, he hurriedly pro¬ 
cessed the sample by an unconven¬ 
tional method in which he used fresh 
water to rinse out the Interstitial anim¬ 
als. In standard method of extraction, 
mercuric chloride is used. Interest¬ 


ingly, unconventional method proved 
specially effective and he got ah 
entire set of stages of life cycle. He. 
studied them thoroughly and quickly 
narhed it as Nanaloricus mysticus— 
the first member of the phylum 
loricifera. 

Characteristic features 

These tiny creatures, along with 
some other similar organisms of rela¬ 
tively unexplored biological territory, 
are collectively knows as "meio- 
fauna" due to their diminutive size. 
The members of the new phylum 
inhabit marine sand and grounds at 
depth of tens to hundreds of meter 
below the sea surface. The tiny adult 
specimens measure less than 0.5 mm 
while the larvae are still minute meas¬ 
uring only 0.25 mm. The organism 
possesses a combination of charac¬ 
ters which are similar to those found 
in about five other but related phyla. 
The adult has a head with a haystack 
like mass of appendages. The most 
characteristic feature of Loricifera is its 
feeding apparatus. The mouth is in 
the form of a flexible tube which 


together with head can be retracted 
into the organism's main body. When 
the mouth cone and head are «dth-. 
drawn are into the plated abdomen, 
the appencfages fold over like the riba 
of an umbrella blown in opposite 
direction. The one end of the larvae 
resembles a telescope white at the 
other end a propeller-like structure is 
present. The telescope-like portion 
consists of two parts—the mouth and 
head. When the larvae are disturbed, 
they withdraw their mouths into the 
spiny heads which in turn can be 
withdrawn into the neck. The propel¬ 
ler-like portion consists of a pair of 
blade-like appendages known as 
toes. These appendages are attached 
to the main body by a ball and socket 
joint. This facilitates its rofation In all 
directions. A further set of three pairs 
of appendages is present in thecentre 
of the animal's body. The last set of 
these three sets together with the 
ends ofthetoesformsthelocomotory 
organs of the animal, used to crawl 
over sand grains. 

Most probably the adults are sed¬ 
entary and ectoparasite, while the lar¬ 
vae are free living and have been 
found swimming around. When orga- , 
nisms move slowly the toes are used 
as paddles; however, their action at 
fast speed could notbeworkedoutby 
Kristensen. Before their metamor¬ 
phosis intg adults, the larvae moult 
several times. These diminutive lar¬ 
vae are named after Robbert Higgins, 
who first found them and also collab«: 


Mak 
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borated with Kristensen in some of the 
work during 1982. Now the larva is 
called Higgins-Larva. 


W HEN atoms are brought together 
to form a crystal, the inter¬ 
atomic interactions spread out the 
degenerate atomic energy levels into 
bands. In many cases, the interaction 
is sufficient to broaden the bands so 
that they may merge into one another. 
When the energy gap between the 
highest filled and the lowest empty 
energy band is large, the material is 
an insulator. As the gap decreases, 
thermal excitation of electrons to the 
empty (conduction) band from the 
filled (valence) band is possible and 
the material is an intrinsic semicon¬ 
ductor. When the gap between the 
bands closes, the material becomes a 
metal. 

Ever since John Hyatt, an American 
inventor, created the first synthetic 
polymer, plastics have been thought 
of as electrical insulators. Recent dis¬ 
coveries of molecular crystals and 
polymers that exhibit metallic levels 
of conductivity and even supercon¬ 
ductivity have drastically altered the 
situation. Such materials have been 
termed “molecular metals". "They 
have provided new insights into the 
solid state properties of organic sys¬ 
tems and offer prospects of many 
technoiogical appiications in the 
future", said David Bloor, reader 
in polymer physics at Queen Mary 
College, London. 

In a rather uncanny expenment to 
turn a tiny amount of acetylene into 
an organic polymer (CH)« polyacety¬ 
lene in 1970, a student of chemist 
Hideki Shirakawa at the Tokyo Insti-, 
tute of Technology. instead of obtain¬ 
ing a black powder, got a silvery film 
that looked like a metal. Five years 
later. Shirakawa joined physicist Alan 
Heeger and Alan Mac Diarmid, a Uni¬ 
versity of Pennsylvania chemist, in 
their Philadelphia Laboratory to 
investigate the properties of the puz¬ 
zling substance This collaboration 
soon led to another surprising discov¬ 
ery. Polymers can be doped wKh var¬ 
ious substances to change their 
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properties. When a researcher inten¬ 
tionally contaminated or doped the 
new plastic with a small amount of 
iodine, properties of the polymer 
were altered radically. This doping 
had increased the plastic ability to 
conduct electricity as much as a tril¬ 
lion fold. For the first time, scientists 
had created a plastic that was as good 
an electrical conductor as a metal 

Technological promise of plastics 
that are also electrical conductors 
may readily lend themselves to a host 
of novel products of electrical and 
electronic components made of plas¬ 
tic. One application in particular has 
since drawn the attention of a number 
of manufacturers: a super light weight 
car battery that might at long last 
make quiet, non-polluting electric 
cars both practical and economical. 

When electrochemically treated 
with anions such as (15) (ClOi ) or 
(As F5 ) using the tetrabutyl ammo¬ 
nium salt dissolved in CHsCb, 
poly acetylene- can be transformed 
from an insulator into a p-type semi¬ 
conductor, i.e., a material that con¬ 
ducts electricity by means of electron 
holes. This occurs by partial oxida¬ 
tion of the (CH). with ions being taken 
up to preserve electrical neutrality 
giving a materiai of general composi¬ 
tion (CHy* Ay')« where A is an anion. 
0. Macinnes and his collegues at the 
University of Pennsylvania found that 
(CH). can be reversibly doped either 
p-type or n-type (i.e, conducting 
electricity by means of ‘spare’ elec¬ 
trons) and they envisage that mate¬ 
rials in these states can be combined 
to conduct rechargeable electric 
ceils. 

The new results show that when a 
strip of Li and a strip of (CH)« are 
placed in a solution of LiCl04intetra- 
hydrofuran (THF) and connected 
through an ammeter spontaneous n- 
typedopingto CH. Li y occurs and 
an electric current is detected by the 
ammeter—the arrangement acts as a 
battery until doping is complete. The 


battery can be recharged If anelectric 
potential is put across the two elec¬ 
trodes. p-Type doping of (CH)»can 
be achieved if the (CH)> electrode is 
attached to the *ve terminal of a dc 
source, the other terminal being att¬ 
ached to a Pt, Li, Al or even (CH)* 
electrode. This means that two poly¬ 
mer electrodes if connected to a dc 
source and immersed in LiCI04 elec¬ 
trolyte will simultaneously be oxi¬ 
dised and reduced. Upon discharge 
through a circuit the oxidation states 
equalise (the films become undoped) 
and a current will be produced. 

The team at Pennsylvania has 
tested a number of configurations of 
different electrode and electrolyte 
materials. The (CH)*(LiCI 04 ) Li or Al 
battery with propylene carbonate sol¬ 
vent has been the most extensively 
investigated Even with only 3 mg of 
doped film, the discharge currents 
and voltages are remarkably high for 
several minutes of short circuit dis¬ 
charge. Higher degrees of oxidation 
and reduction that are obtainable will 
result in higher voitages, currents, 
energy and power densities in a bat¬ 
tery configuration. 

Taking advantage of this conduc¬ 
tivity, industrial researchers have 
already produced scaled-down 
experimental plastic batteries that 
weigh a third less than comparable 
conventional batteries. So far these 
plastic marvels have been confined to 
the laboratory. But Allied Corpora¬ 
tion, Morristown, New Jersey, which 
bought licensing rights from the Uni¬ 
versity of Pennsylvania in 1981 to 
manufacture plastic batteries, hopes 
to bring out a commercial version to 
the market within the next several 
years. Besides, those plastic cel Is can 
be charged and discharged more 
than a thousand times and much fas¬ 
ter than conventional lead acid bat¬ 
teries. In an electric car, such a rapid 
delivery of power would vastly 
improve acceleration and hill climb¬ 
ing ability, both solely deficient in 
today's electric vehicles. Unlike the 
process in conventional batteries, the 
electrolyte, rather than theeleCtrodes 
themselves, contributes the ions that 
shuttle between the two electrodes. 
As the ions cling to the electrodes, 
they dope the polymer and change its 
potential. Because the ions are drawn 
from electrolytes, not from the pofy- 
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mer, the electrodes have virtually no 
wear and tear and remain intact 
through countless charging and dis¬ 
charging cycles. Chemist Fred WudI 
of the University of California at Santa 
Barbara said, “Theoretically you 
should be able to go on using thebat- 
tery for ever." . 

Although the Pennsylvania grpup 
has shown that (CH)« could be used 
as a battery material—its oxidation- 
reduption is reversible—there are 
considerable problems with the poly¬ 
mer as a workable material. It is 
unstable in air, gradually loses its 
conductivity and becomes brittle. It is 
difficult to characterise and to pro¬ 
cess. Hence many workers are look¬ 
ing for other organic'polymers with 
metallic properties, in particular 
those possessing aromatic and hete¬ 
rocyclic units. 

According to Brian Street, a senior 
researcher at IBM research centre in 
San Jose, California,, conducting 
derivatives of polypyrrole look prom¬ 
ising.'IBM first became interested in 
polypyrroles in the late 1970's. Since 
then Street and his collegues have 
prepared films of polypyrroles W4th 
p-type conductivities’of uptolODA* 
cni' , by the electrolytic oxidation of 
pyrrole in acetonitrile solution using 
either tetraethylammonium tetrafluo- 
roborate or silver perchlorate as an 
electrolyte (under drybox condi¬ 
tions). A film of [i -pyrrole tetrafluo- 
roborate (per chlorate) is formed on 
the platinum anode, it shines, is blue 
black, nonfibrous and flexible. Most 
exerting of all, it is stable in air and can 
be heated to250°C with little effect on 
the conducting properties. The idea¬ 
lised structure of polypyrrole perch¬ 
lorate IS as shown in Fig 1. 

' So, are polypyrroles a step m the 
right direction? For a conducting 
plastic to be useful, it must have good 
mechanical properties, eg., flexibil¬ 
ity, plasticity, elasticity, and tensile 
strength. It must also be stable, light, 
processihle and cheap. Studies indi¬ 
cate that polypyrrole satisfies most of 
these requirements but is difficult to 
characterise and process, and is 
expensive. Although conductiryg poly¬ 
pyrrole was first characteriseo as a 
metal but workers now regard it as a 
degenerate semiconductor li ke am or- 
phous silicon. Further studies show 
that (t cannot be n-doped (reduced) 
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and its use in, say, diodes may be a 
long way off. 

> However, oxidised polypyrrole 
films prepared electrochemically are 
very stable under electrolytic condi¬ 
tions and have good adhesion, mak¬ 
ing them attractive organic electrode 
materials. Since polypyrrole itself is 
non-conducting, its electrical proper¬ 
ties can be switched on and off elec¬ 
trochemically, by reversing oxidation. 

The main problem associated with 
these materials such as doped poly¬ 
acetylene and polypyrrole is a lack of 
commercial application at present. 
Another obstacle is thet the polymers 
are not cheap, To overcome these 
problems, scientists have recently 
reported a new compound, pol/(p- 
phenylene sulphide) (PPS) doped 
with AsFsan'd dissolved in liquid AsFa. 
PPS is readily available commercially 
and therefore inexpensive. Secondly, 
Its structure offers some interesting 
possibilities (Fig.2). 



The sulohur atom between.the two 
benzene rings acts as a hinge, intro¬ 
ducing a degree of flexibility. PPS is 
indeed a melt processible polymer. It 
IS also somewhat different from other 
polymer precursors in not having a 
continous system of overlapping 
carbon orbitals. 

When PPS was exposed to AsFsin 
the gas phase, its conductivity 
increased by 16ordersof magnitudes 
to1,rv"om-’. but unfortunately the 
doped material lost the attractive 
mechanical properties of the parent 
plastic. However, when doping was 
carried but in the presence of AsFs 
vapour, which acts as a plasticiser, 
the resulting fiim was much more 
flexible and homogenous. The 
researchers then tried doping PPS in 
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liquid AsFa and discovered that they 
had a conducting polymer solution. 
Moreover, the polymer fi Ims cast from 
the solution by evaporation had 
improved flexibility and strength and 
very much higher conductivity(200A' 
cm*’). Dilute solution of PPS are infi¬ 
nitely stable in dry air. 

The deep blue solution itself is 
interesting because ii offers the 
opportunity to study electronic con¬ 
duction in polymers specfroscopi- 
cally with higher resolution. ESR 
studies indicate similarities to metal- 
ammonia solutions. The conduction 
is basically electronic. The ionic com¬ 
ponent of conduction increases with 
dilution. Not only can flexiblefilms be 
cast from solution but there is also the 
possibility of producing fibres (e.g.. 
for wire). The Allied Workers are very 
pleased with their new technique and 
are looking at oxygen substituted 
polymers and also other dopants 
besides toxic AsFs. 

Indeed as chemists had learnt to 
tailor-make the plastic with specific 
chemical and physical properties, 
they are now in a position to produce 
a range of new electrically conduct¬ 
ing polymers that could replace cost¬ 
lier metals in everything from motors 
and wires to magnets and generators. 

S.O. Panwar 

Publications & Information D'te 
(CSIR). Hillside Road 
New Delhi-110012 


Dangers from non¬ 
ionising radiations 

T he hazards of ionising radiations 
are well documented, safety 
standards are laid down in codes of 
practice, and adequate instrumenta¬ 
tion is readily available. Increasingly, 
however, working scientists are 
exposed to hazards from non¬ 
ionising radiations where the position 
is not so clear. This short article is an 
attempt to provide guidance in these 
circumstances. Although prepared 
for the use of physicists in hospitals, 
the I’l'idelines are relevant to physi¬ 
cist! working in other environments. 
In all cases, safe working depends on: 
(i) the appointment of a responsible 
• person who must be properly trained; 
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(ti) the use of operating instructions 
, or local rules; (iii) the identification of 
persons at risk and of areas of possi¬ 
ble high exposure; (iv) medical sur¬ 
veillance; and (v) the preparation of 
accident plans. Now consider differ¬ 
ent non-ionising radiations. 

Microwaves 

The correct basis for safety stand¬ 
ards should be a measurement of 
absorbed energy, but this is not pos¬ 
sible at present; Instead, exposure 
values are used. Dosimetry presents 
problems. Although it is possible to 
measure power densities in a free 
field condition, the introduction of 
test objects, patients and operators 
into the field causes considerable dis¬ 
tortion and it becomes extremely dif¬ 
ficult to relate the free field 
measurement to the absorbed power 
density. Protection policy has to be 
based on the mapping of areas where 
power densities exceed a particular 
level and then appropriate warning 
signs and local rules must be used. 

In Western countries, exposure lim¬ 
its are based on irreversible thermal 
injuries, whereas the limits in many 
East European countries are based 
on reversible non-thermal effects and 
are a thousand times lower. The Med¬ 
ical Research Council standard for 
continuous exposure allows up to 100 
Wm"', and this is cbm parable with the 
average heat dissipation from the 
body of 50 Wm"'. For discontinuous 
or intermittent exposure the limit is 10 
Whm"* during any 0.1 hour period. 
The critical organ is the lens of the 
eye due to its poor cooling mecha¬ 
nism, and in certain cases eye protec¬ 
tion with mesh goggles should be 
considered. An additional standard 
that can be applied is the equipment 
j ernisslon standard of the U.S. Depart- 
j ment of Health, Education and Wel- 

I fare (DHEW), which requires the 

leakage to be less than 50 Wm*’ at 
5 cm during use. In normal use, aver¬ 
age exposures to persons working 
I nearby are not likely to exceed 1 00 m 
’ Wm-*. 

Laaera 

I 

A characteristic of all laser beams is 
the high power density at long distan¬ 
ces. The critical organ is nornially 
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taken to be the eye. The eye is rela¬ 
tively transparent to wavelengths 
between 400 nm and 1400 nm and the 
focussing action can increase the 
power density on the retina by a fac; 
tor of 10^ The risk will depend upon 
such parameters as power density, 
exposure time, wavelength and pupil 
diameter. For wavelengths in the 
ultraviolet and far infrared that cannot 
penetrate the lens, it will be the cor¬ 
nea that is most at risk, along with 
other areas of exposed skin. Control 
of laser hazards should be based on 
engineering design, warning notices, 
and attention to a strict operating 
procedure rather than on protective 
clothing and goggles. Examples of 
the types of instruments and their 
related hazards include low power 
helium-neon lasers, which if less than 
1 nw, can be used with only minimal 
safety precautions; 2 W argon lasers 
operating in the blue-green wave¬ 
band should be treated with extreme 
caution; and 40 W COz lasers operat¬ 
ing in the far infrared can cause ther¬ 
mal injury to the skin and cornea. 

Incoherent ultraviolet 

Ultraviolet radiation is classified 
into three ranges. UVA (400 nm-315 
nm) is called the blacklight region, 
UVB (314 nm-280 nm) is called the 
erythemal region, and UVC (280 nm- 
100 nm) is called the germicidal 
region. A variety of both early and late 
effects on the skin can be identified, 
namely, erythema, aging and cancer, 
and in the eye keratoconjunctivitis 
and cataract.'Threshold levels are 
very dependent on the susceptibility 
of the individual, skin colour, pre¬ 
vious exposure, age and'irradiated 
site, the most hazardous wavelength 
being 270 nm. Radiation below 
250 nm is also capable of producing 
ozone and other toj^ic decomposition 
products. Besides, there is the addi¬ 
tional hazard due to the breaking of 
lamp envelopes on high pressure 
filling. 

Threshold limit values for occupa¬ 
tional exposure published by the 
American Conference of Government 
Industrial Hygienists have been 
adopted by many countries. These 
specify a total Irradiance in the region 
4(X) nm-31 S nm incident on the skin or 
eye not exceeding 100 Wm-* for peri- 
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oda greater than 10>s, and a total 
radiant exposure not exceeding 
10* Jm » over shorter periods. .Within 
the range 315 nm-200 nm. the maxi¬ 
mum permissible exposure is 30 Jm-* 
in an eight hour period. For broad 
band sources, it is necessary to derive 
the effective irradiance relative to the 
monochromatic wavelength of 
270 nm either by using an instrument 
with a weighted response or by the 
use of scanning spectral radiometer. 

Sound 

Noise exposure is known to result 
in increasing deafness which is added 
to age-induced hearing loss. In the 
range 90 dB(A)-100 dB(A), the dam¬ 
age will be proportional to the total 
weighted sound energy falling on the 
ear, and it can take ye&rs to develop, 
whereas above 130 dB( A) the damage 
is immediately apparent. The relevant 
code of practice states that continu¬ 
ous exposure of the unprotected ear 
during an eight hour working day 
should not exceed 90dB(A), noncon- 
tinuous exposures should not exceed 
135 dB(A). and impulses should not 
exceed 150 dB(A). 

Ultrasound 

Ultrasound is used at power levels 
of a few tens of Wm"^ for medical 
diagnosis, at a few 10* Wrrr* for 
physio- therapy and up to 10® Wm*® 
for surgical destruction. Biological 
effects are known to occur at the 
higher intensity levels. In the low 
megahertz frequency range, there 
have been (as of this date) nodemon- 
strated significant biological effects 
in mammalian tissue§ exposed to 
intensities below 100 nW cm'* (10* 
Wm'®). Furthermore, for ultrasonic 
exposure times less than 500s and 
greater than one second, such effects 
have not been demonstrated even at 
higher intensities, when the product 
of Intensity and exposure time is less 
than 50 J cm*® (5x10® Jm*®). 

A World Health Organisa.tion work¬ 
ing group stated In October 1976 that 
there were insufficient data available 
on minimum exposure levels to be 
able to make recommendations, but it 
believed that direct exposure was of 
more concern than indirect exposure. 

It fe|} that diagnostic examinations 
should be carried out with as low^an 
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•xpo«uf« lev*! M could be achieved 
commenaurate with obtaining good 
quality diagnostic information. 

Since ultrasound is effectively 
absorbed in air at high frequencies, 
ears only need to be protected when 
high levels of subharmonic distortion 
in the audible range are present. 
Ultrasonic cleaners are potentially 


hazardous. Hands should therefore 
not be put in them during operation. 


M.D. Tlwart 

Scientist 

University Grants Commission 
Bahadur Shah Zafar Marg 
New Delhi 


Ceramics—a new material 
for biomedical applications 


C eramics are a new group of 
materials which are swiftly enter¬ 
ing the field of biomedical applica¬ 
tions. They have been successfully 
used in quite a few dental and ortho¬ 
paedic implants and have proved bet¬ 
ter than conventional implant 
materials like stainless steel and 
dense polyethylene in many cases. 
Materials for such bioapplications 
must submit to a host of stringent 
requirements since components 
once implanted are no longer availa¬ 
ble for testing or inspection. Broadly 
speaking, they should be absolutely 
compatible with the host tissue, 
should be corrosion resistant and in 
the case of bearing surfaces (e g., the 
ball-and-socket joint) should be wear 
resistant. Moreover, they should be 
strong enough to withstand the toad 
implied on them and should be suffi¬ 
ciently fatigue resistant to provide a 
long service life. The excellent prop¬ 
erties displayed by some ceramic 
materials in these respects have been 
,< the reasons for their gaining fast 
. acceptance as a bio-material. Of 
courso, the medical community is still 
sceptical about inherently brittle 
nature of ceramic, but a lot of 
research is being conducted nowa¬ 
days to overcome this problem 

Alumina (AbOs), is classified as 
being more bio-inert (no reaction 
with living tissue) than metals and 
pdlymers and is used in both porous 
and dense forms for orthopaedic and 
dental applications. Porosity in 
implants has been found td encour¬ 
age borte regrowth into the implant, 
thus obviattng the necessity for bone 
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cement—a material joining the 
implant to the bone. Dense alumina 
has been used by a U.S. firm to make 
dental implants which have success¬ 
fully replaced human teeth. It has also 
been used for the past ten years in hip 
replacements for manufacture of the 
spherical head of the hip prosthesis. 
This head rotates and slides against a 
UHMWPE (ultra higfi molecular 
weight polyethylene) counterface. 
The combination of alumina/ 
UHMWPE exhibits extremely low 
wear—this criterion is essential since 
wear debris can induce inflammatory 
reactions. Natural and healthy joints 
are almost wear free, being lined with 
cartilage and lubricated with synovial 
fluid 

Apatite (calcium phosphate) is also 
becoming increasingly popular 
because of- Its similarity to natural 
bone mineral. This gives rise to excel¬ 
lent biocompatibility. Apatite 
implants have been found to have a 
very strong and direct chemical 
bonding to the bone. It is Used in two 
common forms-TCP (tri caldium 
phosphate) and HA (hydroxyapatite). 
Porous TCP has been used as bone 
graft substitutes while dense HA has 
been successfully used for replacing 
bone in the jaw. This is far superior to 
the conventional procedure involving 
removal of a rib or hip bone for rein¬ 
serting into the jaw. Granular HA is 
simply injected under the skin of the 
jaw. Permanent dentures can be fitted 
after a waiting period of only four to 
six weeks as against four to six 
months in the conventional 
procedure. 
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Calcium phosphate is also being 
studied in glass form with silica (SiOz) 
forming a network in the material. 
Termed bioglass, it contains sodium 
and fluorine. Its advantage is that it is 
'surface active', i.e., its surface pro¬ 
vides chemical bonding sites for soft 
tissues and cell membranes. But due 
to its brittleness, applications of bio¬ 
glass have been restricted to coatings 
on metal implants. However, recent 
research on reinforcement of bio- 
glass with stainless steel fibres has 
shown marked improvement in physi¬ 
cal properties making bioglass a 
potential implant material itself. 


Recently|aformof tetrasilicic mica 
glass ceramic has been developed by 
scientists at Corning, U.S.A. which Is 
used for making dental crowns and 
bridges. Its colour and feel match 
with those of teeth. Code named 'Wis¬ 
dom' it can be simply cast into the 
form of the tooth portion it replaces 
and can be directly cemented onto 
the remainiftg tooth structure. 

Sumlt K. Qi4ta 
Suprabk Quha 
Kharagpur 
(W. Bengai) 
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As a carrier it binds bilirubin, the 
breakdown product of heme, to liver 
for conjugation with glucuronic acid 
and subsequent excretion. It has 
been observed clinically and in exper¬ 
imental systems that when bilirubin to 
albumin ratio exceeds one, bilirubin 
binds to cell membranes. This is a 
common occurrence in new born 
infants, particularly if premature and 
the deposition of bilirubin in the basal 
ganglia of brain leads to a clinical 
syndrome known as ke'rnectirus, , 
involving neurological impairment. 

The concentration of this protein in 
the plasma has long been used as an 
indicator of health and disease. Over 
25,000 kilograms of human albumins 
are administered intravenously in the 
United States per year mainly to 
improve the performance of the ci rcu- 
lating system. Albumin may be 
infused during exchange transfusion 
to prevent kernectirus in new born 
infants, improvement in bilirubin rem¬ 
oval can usually be demonstrated and 
the remaining bilirubin rendered less 
toxic. There is no known pathologic 
condition associated with elevated 
plasma albumin concentration. 


Hyper-albuminemia is so rate as to be 
regarded as the result of dehydration 
or an overshoot 6f the regulatory 
mechanism. Decreased albumin con¬ 
centration is encountered in numer¬ 
ous conditions, including malignan¬ 
cies, fiver diseases, stress, trauma, 
malnutrition and nephrotic syndrome. 
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The venom in a bee sting 
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Plasma albumin 

P LASMA albumin is the most 
plentiful protein in mammalian 
plasma. It is synthesized by liver cells 
arxf makes its way into plasma via 
endoplasmic reticulum and gotgi 
complex. The normal value of 
albumin in human plasma deperKis 
upon the food intake. It lies in the 
range 4gm-6gm/100 ml blood. Level of 
plasma albumin represents the net 
result of its catabolism, synthesisand 
mobilization. Therefore it has been 
used as a diagnostic parameter in 
clinical biochemistry. Besides blood, 
the protein occurs in other tissues 
also such as muscles and skin. About 
40% of the total protein occurs in 
blood. Due to Its easy availability it 
has been used as a model protein and 
a wealth of information on it is 
available now. 

A monomeric protein of molecular 
weight 69,000 it has been sequenced 
having 582 amino acid residues. 
Based on sequence data, analysis of 
peptide fragments and hydrodynamic 
measurements, a partial domain 
model for globular structure of 
protein has been proposed by J.R. 
Brown in 1976. According to this 
model, albumin comprises three 
major domains which in turn are 
composed of subdomains. The 
subdomains consist of cylindrical 
segments formed by apposition of 
helical regions. These helical regions 
form elongated pockets for several 
ligands, 

Albumin is the general 
physiological carrier of many 
exogenous and endogenous substan¬ 
ces. Among endogenous ligands, 
fatty acids, lysolecithin, tryptophan, 

I hemin and bilirubin are more 
t important. It also carries many 
I hydrophobic drugs and dyes which 
( are exogenous in nature. The 
i remarkably large variety of bound 
» ligands contributes to the physiologi- 
< caf importance of albumin. In many 
cases, binding of a compound to 
I albumin has a significant influence on 
{ its distribution in the organism and 
k for some highly bound drugs, 
changes in the binding has conse- 
j quences for the pharmacological 
response of the drug. 


I T is an iony that while the honey¬ 
bee produces the mellifluous 
honey, it also carries a poisonous 
chemical which it injects into its vic¬ 
tims. In general the bee sting, though 
very painful, is not known to be fatal 
except in rare cases where the indi¬ 
vidual is allergic to the bee venom. 
Instances are several where the vic¬ 
tims have survived even a simultane¬ 
ous mass attack of venomous bees 
When a bee stings, it injects about 
one microlitre of a 30% aqueous pro¬ 
tein solution just below the skin caus¬ 
ing a painful swelling. This venom is 
produced by small-venom glands in 
worker bees, slowly and gradually 
over a period of three weeks after 
their emergence from the hive when 
they actually start foraging. Queen 
bees are however equipped with large 
Y-shaped venom glands 4 cm to 5 cm 
long and with a diameter of 0.2 mm to 
0.3mm, capable of producing venom 


at full capacity at the time of their 
emergence, possibly to enable them 
to destroy any rival queen in the same 
hive. 

Two different chemicals seem to be 
responsible for the normal inflamma¬ 
tory and allergic reaction caused by 
bee venom It has five major 
constituents—two enzymes (phos¬ 
pholipase Az and hyaluronidase) and 
three basic peptides (melittin, apam- 
ine MOD peptide), the last is named 
after its action, mast cell degranulat¬ 
ing peptide. Mast cells produce his¬ 
tamine which they store in granules. 
The MCD peptide provokes the 
release of histamine from the mast 
cells which in turn causes inflamma¬ 
tion. Melittin also liberates histamine 
and although is not as potent as MOD 
it is present in much iargerquantities. 
Melittin is the main constituent of the 
bee venom making up about half its 
dry weight. Moreover it has one spe- 
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cial property which makes it very 
interesting to biochemist. It breaks 
up cells, including the red blood ceils 
as also simple vesicles such as lipo¬ 
somes. This lytic ability of melittin is 
the culmination of a series of complex 
steps. First, the peptide forms a comr 
plex with the ceil phospholipid mem¬ 
brane and embeds itself in the lipid 
layer. This disrupts the normal leak- 
proof organization of the membrane 
and either directly makes it leaky or 
enables the phospholipase to get a 
grip on the membrane and form lyso 
phospholipids which puncture it. 
Melittin not only causes histamine 
release, but also directly damages 
cells. 

Biochemists were puzzled by the 
fact that while melittin destroys other 
cells, the cells manufacturing melittin 
are left intact How does the bee man¬ 
age to prevent melittin from destryo- 
ing the very cells which manufacture 
it? Clearly the peptide cannot be 
systhesised in its active form or it 
wpuld rupture the cell during secre¬ 
tion. This meant that a less active 
precursor must be made first, a pro¬ 
cess known to occur in the manufac¬ 
ture of some peptide hormones. 

In a series of steps devised as a part 
of the research experiment to analyse 
the venom, it was discovered that 
there was a new peptide, which was 
the precursor substance now called 
promelittin, i.e., by using radioactive 
amino acids, radioactive melittin was 
separated from other constituent? of 
the venom gland and further extrac¬ 
tions into butanol at alkaline pH 
resulted in the isolation of the new 
peptide precursor promelittin. 
Further confirmation of the precursor 
substance was found in the presence 
of the promelittin in the newly 
emeiped worker bees and its absence 
n th' mature ejected venom. 

The new peptide contained all the 
26 jmino acids of melittin in addition 
to a propeptide at the amino-end of 
the chain. 

Further studies with messenger 
RNA of the melittin gene have 
raveaiec that the messenger code 
gives us another polypeptide which 
differs from the promelittin both at the 
carboxyl and at the amino ends, 
called pre promelittin whose struc¬ 
ture consists of pre-region of 21 


residues followed by the pro part 
composed of 22 amino acids, which in 
tuqn is followed by the melittin 
sequence proper with an extra gly¬ 
cine residue at the carboxyl end. 

The function of the prosequence is 
to inactivate the venom. But what is 
the function of presequence? It is 
likely that the pre promelittin is the 
primary product of translation and 
that its 70 amino acids represent the 
entire coding capacity of the melittin 
messenger RNA. 

It may be of interest to note here 
that precursors with a presequence of 
about 20 apoiar amino acids have 
been found for a variety of polypep¬ 
tides, destined for secretion from the 
cell, such as antibody light chains, 
pretrypsinogen, preproalbumin, pre¬ 
proinsulin, preproparathyroid hor¬ 
mones. This supports the signal 
theory that this apblar propeptide is 
the signal to the cell, that this is a 
secretory protein to be exported. 

While the removal of the prese- 


& OME of the most toxic substances 
rom plant tissues include abrin 
(from Abrus precatorius seeds), 
modeccin (from Modecpa digitata 
roots), viscumin (from mistletoe Vis- 
cum album leaves) and ricin (from the 
seeds of the castor oil plant Ricinus 
communis). They have been used in 
folk medicine against a wide variety of 
diseases and also for various non¬ 
medical purposes. Abrus precatorius 
and Ricinus communis plants are 
described in the Sansknt work on 
medicine Susruta Ayurveda of sixth 
century (B.C). These toxins are pro- 
teinous in nature and are similar ih 
their structure and mechanism of 
action and are capable of irreversibly 
shutting down the synthesis of pro¬ 
teins in eukaryotic cells. They all are 
heterodimers and bind to galactose in 
cell membrane. 

Structure 

Ricin together with the closely 
related divalent lectin, agglutinin, is 
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quence appears to be an old well- 
established reaction, the second step 
of generation of melittin from its prec¬ 
ursors is a ynique reaction without 
any parallel in otheranimal cells. This 
is the step that converts the terminal 
glutaminyl-glycine sequence into a 
terminal amide. Finally the third reac¬ 
tion of converting promelittin to 
melittin is a'definite specialization of 
bees. With the evolution of the prose¬ 
quence the bee must have evolved a 
highly specific processing mecha¬ 
nism guaranteeing conversion at pre¬ 
cisely the site where the product can 
no longer harm the synthesizing cells 
of the gland, necessitating perhaps 
an extra cellular enzymes to be 
secreted along with the promelittin. 
Further studies of bee venom are 
expected to lead to new insights into 
the bio-synthetic pathways of the 
peptide hormones, thus opening a 
new and fascinating chapter. 

AiladI Sarada Balaaubramanlan 

New DBlhi-110003 


present in the endosperm cells of Ric¬ 
inus communis seeds. In these cells 
they are confined to the matrix frac¬ 
tion of the protein bodies. These pro¬ 
teins can be easily purified from cell 
extracts using affinity chromato¬ 
graphy by virtue of theirabilitytobind 
galactose. Intact ricin hasa molecular 
weight of 62,000 and consists of two 
polypeptide chains joined by a single 
disulphide bond. One of these chains, 
designated the A chain, has a' molecu¬ 
lar weight of 30,600 and contains one 
N-linked oligosacoharide, while theB 
chain (molecular weight31,400) con¬ 
tains two otigosccharide chains. 

Ricinus agglutinin consists of two 
linked heterodimers and has a molec¬ 
ular weight of approximately 120,000. 
Each heterodimer consists of two pol¬ 
ypeptide chains, an A’ chain (molecu¬ 
lar weight 31.000) linked by a single 
disulphide bond to B’ chain (molecu¬ 
lar weight 34,000). As in the case of 
ricin chains, the A’ and B’ chains of 
agglutinin are believed to contain one 


Ricin : a toxic piant protein from 
castor oil plant 
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A ■ 31 K 
• . 34K 



A ■ 31K 
B'.36K 


Flg.1. Th« slructur* ol ricin and Ricinus 
Communis agglutinin. (Mr vaiuet darivad 
for giycosylatad polypaptida) 

and two oligosaccharide moieties, 
respectively (Fig.l) 


Toxic eHects 


The toxic affects of ricin are entirely 
caused by the A chain. The B chain 
plays a vital role in that it is via the B 
chain galactose binding site that ricin 
interacts with cell surfaces and A 
chain is transferred into the cytosol 
where ribosome inactivation occurs. 
Separated A and B chains are essen¬ 
tially non-toxic. The toxicity of ricin is 
the result of three sequential steps. In 
the first step, binding of the whole 
molecule to the cell surface via the B 
chain occurs. Ricin binds reversibly 
to any suitably exposed galactose 
residue of a glycoprotein or glyco- 
lipid. The presence of a single ricin 
molecule within the cytoplasm can 
lead to cell death. However, an esti- 
/ mated several thousand molecules 
must bind to the cell surface in order 
to ensure the internalization of a sin- 
> gle toxin molecule. 

Any treatment which exposes the 
I galactose residues of membrane gty- 
(•, coproteins leads to an increased sen- 
i; sitivity to the toxin. Similarly, cells 
having either a reduced number of 


exposed toxin binding eites on the 
surface or an impaired ability to 
transfer bound toxin into the cyto¬ 
plasm are ricin resistant. 

■ The second step consists of inter¬ 
nalization of the toxin molecule 
proper. The toxin moleculet bound to 
cell surface are taken in byendocyto- 
sis. The mechanism by which endoc- 
ytosed ricin is released or escapes 
into the cytoplasm is not known at 
present. It is known, however, that 
there IS a significant lag period 
between ricin-binding to cells via a B 
chain galactose binding site and the 
actual decrease in the rate of cellular 
protein synthesis. The main part of 
this lag period represents the time the 
internal toxin molecules are con¬ 
tained in intracellular structures 
before being released into the 
cytoplasm. 

The last step consists of the inhibi¬ 
tion of protein synthesis. This is 
caused by the interaction of the A 
chain with the 60S subunit of eukary¬ 
otic ribosomes. Kinetic experiments 
have shown that pure ricin A chain 
inactivates ribosomes at a rate of 
about 1500 ribosomes per minute per 
A chain. Ricin chain appears to act by 
inhibiting the elongation tactor (EF)- 
2 dependent GTPase activity of the 
ribosome. The 70S prokaryotic ribo¬ 
somes are resistant to the toxin. 

Ricinus agglutinin also inhibits pro¬ 
tein systhesis although it has only 
about 1/30th of the activity of ricin. It 
too acts by inactivating ribosomes 
and it is the light chain (A* chain) 
which inhibits protein synthesis. 

Synthesis 

Synthesis of ricin and ricinus 
agglutinin occurs simultaneously in 
the endosperm cells of maturing cas- 
torbean seeds. Both A and B chain 
sequences are encoded by a single 
mRNA species. Translocation across 
ttie endoplasmic reticulum mem¬ 
brane is accompanied by the removal 
of an N-terminal signal sequence and 
by the addition of oligosaccharide 
chains to appropriate N atom of 
asparagine residues. This precursor 
is later transported from U)e endo¬ 
plasmic reticulum tO'^Vie protein 
bodies where it is cleaved endopro- 
teoiytically Into proper subunits. This 
synthesis of ricin ehtuhW that the 
native castorbean endosperm ribo¬ 
somes are not InactlvetsMv the toxic 


A chains since the precursor is segre¬ 
gated into the lumen of ertdoplasmic 
reticulum during Its synthesis. Signif¬ 
icant contributions to the various 
aspects of ricin toxicity and its struc¬ 
ture and synthesis have been made by 
the group of S. Olsnes at Norsk 
Hydro’s Institute tor Cartcer 
Research, Montebello, Norway. (See: 
The specificity and action,of animal, 
bacterial and plant toxins, (Ed) P 
Cuatrecasas, 1977). 

Practical application 

Recently there has been considera¬ 
ble interest in the construction of ricin 
based immunotoxins and thefr possi¬ 
ble use in the therapy of cancer 
Imnrtunotoxins are conjugates pre¬ 
pared by covalently linking tumor 
specific antibodies to a plant or bac¬ 
terial toxin. In principle, the toxic A 
chain of ricin once separated from the 
B chain would ber unable to interact 
with and enter cells. If an alternative 
cell binding entity, such as an 
appropriate antibody, could be sub¬ 
stituted for the B chain and joined to 
the A Cham by a disulphide bond, a 
hybrid molecule would be formed for 
which the cell binding specificity has 
been changed but the toxicity due to 
A chain is retained. When the immu- 
notoxin is directed against an antigen 
uniquely present or considerably 
enriched on the surface of a particular 
cell type, it should be possible to elim¬ 
inate selectively these cells while 
leaving normal cells functionally 
undisturbed. 

However, immunotoxins contain¬ 
ing intact ricin molecule appeared to 
be more effective. This has .been 
ascribed to the second function of the 
B chain, i.e., its ability to facilitate 
release of the A chain into the cyto¬ 
plasm, in addition to its receptor bind¬ 
ing function. But such ricin 
containing immunotoxins cannot be 
used because non-specific cellular 
interactions mediated by the B chain 
would eliminate the specificity con¬ 
ferred by the antibody. At present 
considerable efforts are being made 
to develop ricin based immunotoxins 
in which the putative A chain trans¬ 
port role of the B chain is preserved, 
while its ability to interact with galac¬ 
tose and thus cause non-specific 
interactions is eliminated. 

P.K.Bhalla 

Nuclear Res. Lab 
Indian Agri. Rea. Institute 
New Demhtmti 
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Monoclonal antibodies 


A nimal serum contains a large 
ipumber of antibodies against a 
host of antigens. A number of multi¬ 
ple antibodiet may be produced 
against a single antigen. However, 
each antibody-producing cell is com¬ 
mitted to the synthesie of a single 
antibody. In recent years, after devel¬ 
opment of hybridomas this property 
has been extensively exploited in the 
production of* monoclonal antibo¬ 
dies. The word hybridoma is used to 
discribe a hybrid cell produced by 
fusing sensitized spleen cells from a 
mouse with myeloma cells. By this 
fusion, it is possible to fix the transit 
expression of the individual celts in 
the form of permanent hybrid cul¬ 
tures which can be purified and sta¬ 
bilized by subcloning. The end 
product is a collection of permanent 
lines each producing a different 
monoclonal antibody. The monoclo¬ 
nal products need not be purified of 
uftwanted antibodies as they have 
already been cloned out. 

The hybridomas 

The first hybridomas were obtained 
from spleen cells of mice immunized 
with sheep red blood cells which is, a 
very potent antigen. Two to fourdays 
after the last injection, the animals 
were sacrificed and their spleen 
removed. This is done when the 
number of antibody forming cells in 
the spleen is maximum. Lymph nodes 


or bone marrow cells can also serve 
the purpose, but the spleen cells are 
the best source of a large number of 
B-cells. 

In order to develop hybridomas 
against a particular antigen, the 
BALB/C mice (a strain of mice most 
suitable for producing antibodies) 
are immunized with antigen using 
Freund’s complete adjuvant followed 
by another injection after 10-15 days 
in Freund’s incomplete adjuvant. A 
week thereafter, the antibody pro¬ 
duction is tested by simple Ouchter- 
lony or radioimmunoassay. The 
spleen cells are then made to fuse 
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with the m^loma cells of known 
genetic composition in the presence 
of polyethylene glycol (PEG). The 
hybrids are allowed to grow in a 
selective medium. The conditions 
allow only the spleen-myeloma 
hybrid cells to grow. The culture 
medium contains hypoxanthine, ami- 
nopterln and thymidine (HAT). HAT 
medium is used to ensure that only 
the hybrids will grow in culture. The 
popular strategy is to block the bio¬ 
synthetic pathway for purines and 
pyrimidines by the folic acid antago¬ 
nist aminopterin. The cell can still 
synthesize DNA by the ‘Salvage 
pathway’ in which the preformed 
nucleotides can be recycled. This 
pathway depends upon the 



Fig. 2. Antibody molecule 



Fig. 1. Conventional antibody technology 


enzymes—thymine kinase (TK) and 
hypoxanthine phosphoribosyl trans¬ 
ferase (HPRT). Thus,'if the cell is 
provided with thymidine and hypox¬ 
anthine. ONA synthesis can take 
place provided the enzymes TK and 
HPRT are present. The absence of 
either of these enzymes stops the 
synthesis of ONA. Two weeks later 
when the hybrids have grown con¬ 
siderably the antibodies can be 
screened. Once a positive hybrid- is 
spotted, it is cloned to avoid over¬ 
growth by other hybrids. After sub¬ 
clones are screened to identify the 
ones producing monoclonal antibo¬ 
dies. a few of each are grown to mass 
culture, frozen for future recovery 
and injected into mice to generate 
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more antibodies for extensive 
experimentation. 

Human monoclonal antiboiAes 

• 

Currently human monoclonal 
antibodies have been generated. The 
two major technical problems 
encountered are the selection of 
human cell lines that can be used as a 
malignant partner in cell fusion and to 
obtain an adequate number of human 
lymphocytes immunized to the 
desired antigens. A drug marked 
human myeloma-cell line has been 
successfully fused with immune 
spleen cells to produce antibody 
forming hybridomas. Human mono- 
clonals are preferable in treatment of 
situations that are less 4ife 
threatening. 

Once the monoclonal antibodies 
are obtained, it is easy to purify even 
difficult antigens. The antibody can 
be immobilized on so'id supports, 
such as cyanogen-bromide activated 
sepharose, to make an affinity 
column. Even membrane bound anti¬ 
gens have been purified on such 
columns by solubilizing the mem¬ 
branes in detergents that do not inter¬ 
fere with antigen-antibody binding. 
Elution can be easily carried out with 
mild acid or alkaline treatment which 
preserves their biological activity. 

Uses , 

The use of monoclonal antibodies 
has spread to many areas of biologi¬ 
cal research and clinical medicine. 
They are replacing the antisera and 
many commercial companies are 
beginning to market them. They have 
made an impact in areas like cancer, 
virology, parasitology and bacterio¬ 
logy. 

They have proved to be extremely 
useful in generating and detecting 
single amino acid substitutions in 
influenza hemagglutinin, in mapping 
antigenic sites on proteins, in study¬ 
ing the mechanism of antigenic drift, 
in classifying sub-strains of viruses 
and in studying their epidemiology. 
Their usefulness as probes of mole¬ 
cular fine structure has led many 
workers to generate monoclonals 
against other viruses and infectious 
agents. The structural proteins of 
Herpes Simplex types 1 and 2, murine 
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leukemia, dengue and measles vir¬ 
uses have been examined. 

Monoclonal antibodies have been 
raised to counteract various parasites 
like Trypanosomes, Theilerian and 
Schistosomes. These parasites have 
specific antigens on their surface 
(tegument). Trypanosomes possess a 
highly immunogenic surface coat 
glycoprotein which undergoes anti¬ 
genic variation and has been called 
the variant specific surface area or 
VSSA. Monoclonal antibodies have 
been raised against the VSSA of Try¬ 
panosome species. 

The hybridoma technology can 
generate antibodies against impure 
and even unknown antigens The 
extreme specificity of monoclonal 
antibodies makes one clonal product 
identify only one target molecule. 
Hence, they can be used to identify 
and purify a host of previously 
unknown molecules. They are also 
invaluable in the classification of 
cells. The hybridoma technology has 
been used to generate antibodies 
against human tumour associated 
differentiation antigens. Mige are 
immunized with intact human cells 
that are thought to contain a distinc¬ 
tive antigen. Hybrids are screened for 
antibody reactive to immiJnizing 
cells. The monoclonal antibodies 
thus gen^erated have been used to 
recognize antigens associated with 
human leukemia, lymphoma, mela¬ 
noma, colorectal carcinoma and neu¬ 
roblastoma. Monoclonals can be 
used for diagnosing tumours of the 
central and peripheral nervous sys¬ 
tems. They can be used inthetherapy 
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of murine leukemia against differenti¬ 
ation antigen. The possibility of their 
use in direct therapy is being 
seriously explored in several direc¬ 
tions. Also, they can be used as carri¬ 
ers of toxic substances for specific 
treatment of tumours. They may be 
used with radiolabels to identify tum¬ 
ours and for targetting of cytotoxic 
drugs to tumours or other tissues. 
Monoclonal antibodies of certain 
sub-classes may be used for the treat¬ 
ment of allergies. 

Monoclonal antibodies can be used 
for characterization of surface anti¬ 
gens during childhood. Recently, 
monoclonal antibodies have been 
used to target the somatic cell 
mutants. Such mutants can be 
selected in tissue culture and used to 
study their structure-function 
relationships. 


In short, success of hybridoma 
technology has established that the 
cell fusions can establish cell lines 
that can carry out their immunologic 
functions too. Thymus-derived lym¬ 
phocytes have been fused with nor¬ 
mal T-cells to generate functional cell 
lines. Functional hybrid lines of B- 
cells, T-cells and macrophages can 
be used to reconstruct the immune 
response in vitro with homogenous 
population of cells. This approach 
can be used to establish cell lines that 
would produce growth factors, hor¬ 
mones and other differentiated cell 

products. _ « « 

R. C. Sobti. 

M. Sharma 

S. Blawaa 

Cancer Research Unit 
Department of Zoology 
Punjab University 
Chancligarh-160014 


Date palm—“the tree of life” In desert 


HAJUR",botanicaliy known as 
WKPhoenixdactyliferaL., belongs 
to family Palmae. It is a large woody 
dkiecious monocot with the male 
(staminate) and female (pistillate) 
flowers produced on separate palms. 
The palm when mature reaches about 
40m height. Because of its very nature 
the Arabs have a proverb, "The date 


palm must have its feet in water and 
its head in the fires of heaven." Its 
leaves are ’ pinnate, leaflets 20cm- 
40'n long and leaf stalk laterally 
CO ipressed almost flat. The stem is 
clo.ned with the persistent basis of 
leaf stalks. Its flowers are unisexual, 
mate pennicles .white, compact and 
9cm-14cm long. Inflorescence stalk 
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Fig. 1. Data palm (Phoenix dactyhiera L.): Habit 
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I >s short with female 8pH(e18cm-3e cm 

i long. The fruit is 3cm-8cm long, red¬ 
dish or yellowish brown when ripe 
i with flesh thick and sweet. A dense 
mass of root suckers arises from the 
base of the stem. The date palm are 
always propagated by suckers or off¬ 
shoots that arise from lateral buds 
which bear fruits of the same quality 
as the mother tree. 

Date palm was cultivated by 
Sumerians as early asSOOO B.C. and it 
contributed so much to the material 
needs of fee early people. It was con¬ 
sidered a symbol of fecundity arKi fer¬ 
tility. To the Sumerians, the date palm 
was a tree of the knowledge of good 
and evil. Veneration for the date palm 
became particularly marked among 
the Semitic people of the desert, who 
recognised their dependence upon it. 
No other plant contributed so much 
to make the desert habitable. It is in a 
very real sense a "Tree of life" in the 
desert. The antiquity of it is proved by 
the fact that in Egypt the words 
“sweet and date" are identical. The 
most prosperous and oldest area in 
the world is the one along the bank of 
Shatt-al-Arab in southern Iraq. In 
India, Its main centres of cultivation 
are Rajasthan, Punjab, Uttar Pradesh. 
Saura^tra and Kutch. Punjab and 
Rajasthan are considered suitable for 
date cultivation. 

Economte Importance 
The date palm supplies a large pro¬ 
portion of products. All the parts of 
the plant are used by man. The fruit is 
well-known for its sweetness, it is not 
; only used asa fruit but also as a staple 
<1 food in Egypt, Arab, Iraq and Iran. 

I Syrup alcohol and vinegar are derived 

’ from the fruit. The fresh sap is known 
r as lagmi from which a beverage com¬ 
parable to the juice of sugarcane can 
be prepared. The Arabs call it the 
diink of life. A fermented maceration 
of date yields the famous 'arrak' 
which Pedro Texeira, a sixteenth cen¬ 
tury traveller, described as the 
"strongest drink ever invented." 

The fruits have been, found to con¬ 
tain small amounts of vitamin Ai and 
vitamin Bi and 8a, are a good source of 
nicotinic acid. When a palm is cut 
down, the tender terminal bud ^ 
eaten as a vegetable or salad. The 
leaves are woven Into mats, baskets, 
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fans, etc. The leaf stalks are used for 
making walking sticks, crates and 
baskets. The logs supply crossbeams 
for ceilings, posts for other structures 
and sweeps for wells. 

The seeds are ground and fed to 
camels. 

CHmata 

The area of western Rajasthan is a 
typical locality in India where the cli¬ 
matic conditions are favourable for 
date cultivation. 

The successful cultivation of date 
palm requires: 

(a) A long summer with high day 
temperature (up to 50<>C) as well as 
high night temperature. 

(b) A mild winter (up to a fall of 22«C 
for a short period without frost). 

(c) Absence of rain at the time of 
flowering and fruit sotting with low 
relative humidity and plenty of 
sunshine. 

(d) The proper ripening of fruits 
requires a mean temperature of 
21.1®C-26.7®C for atleast one month. 

(e) High atmospheric humidity Is an 
important factor and humidity over 
70% does not interfere with pollina¬ 
tion or ripening. 

Date palm can grow and produce 
fruits well on a wide range of soils 
varying from light loam to heavy clay, 
but for maximum growth and fruit 
production it requires an abundance 
of water. 
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Varieties 

The varieties of the date are gener¬ 
ally divided into three groups accord¬ 
ing to the flesh of the fruit, viz., soft, 
semi-dry and dry. The soft dates have 
a relatively less sugar content and 
high water content, whereas the 
semi-dry possess a high sugar con¬ 
tent and a low water content. The dry 
dates have a higher sugar and a very 
low water content 

A few important varieties of date 
palm are; 

(i) Hillawi. This variety was intro¬ 
duced from Iraq andgivesgood yield. 
It is in between the soft and semi-dry 
and is growaall over the world. This is 
an early maturing variety and is toler¬ 
ant to rains and high humidity. The 
plant starts flowering and giving fruits 
at its young stage 

(ii) Khadrawi. Originated from Iraq, 
it is the earliest maturing variety. The 
fruit setting starts very early after cul¬ 
tivation. The tree is small but gives 
good yield. 

(iii) Zaidy. It is also a s^ml-dry date 
from Iraq. The yellow fruits are taken 
fresh. 

(iv) Shamran. This semi-dry date is a 
good yietder. In doka stage it is ast¬ 
ringent and is not much relished 

I Continued on page 118) 
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t-PA: a new hope to 
patients of heart attack 

A natural product called t-PA 
(tissue-plaminogen activator) for 
stopping heart attacks by dissolving 
blood clots has passed through first 
clinical tests. Out of seven patients 
with spasms of heart attack during 
trial with this substance, six showed 
that the blood clot, causing heart 
attack, disappeared within an hour. 
According to Dr. Philip Ludbrook, 
Professor of Medicine at Washington 
University, St. Louis in Missouri, the 
promise of t-PA lies in minimising the 
damage of heart attack by restoring 
blood flow to heart muscles quickly. 

About ninety per cent t)f heart 
attacks are caused by tMood clots or 
thromboses clogging coronary arter¬ 
ies. specially at the sites of build up of 
fat deposits called plaques. A high 
natural fat diet elevates plasma cho¬ 
lesterol level. The infiltration of chole¬ 
sterol into certain lesions of arterial 
walls distorts blood vessels and 
makes them rigid. This hampers the 
rtormal blood flow Such areas are 
particutarty prone to thrombosis 
because slow blood flow permits acti¬ 
vated blood coagulating factors to 
accumulate instead of being washed 
away. The activation of blood coagu¬ 
lating factor XII (Hageman factor) 
occurs when the inner lining of the 
blood vessels is damaged by arterios¬ 
clerosis and blood comes in contact 
with collagen fibres present in the 
wall of Mood vessels. The activation 
of factor XU activates factor XI and 
this leads ultimately to formation of 
fibrin which causes thrombosis 
(Fig.l). The blocking o^ coronary 
artery or its branch by circulating 
thrombus may occur at the site where 
arteriai passage has been reduced 
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Fig.l 


due to plaque formation. Such block¬ 
age results in reduced blood supply 
to myocardium. As a result the cells 
are deprived of oxygen leading to 
death of myocardial tissue. If a large 
branch of coronary artery is blocked, 
this may laad-to the necrosis of a large 
area of ventricle causing ventricular 
fibrilation and thereby stoppage of its 
work which causes instant death. 
However, aeclusion of a small branch 
may cause less damage and corres¬ 
ponding reduced severity of heart 
attack. 

In case of heart attack, it is of 
utmost importance that the thrombus 
is removed immediately so that the 
blood supply to myocardium is res¬ 
tored. Commonly heparin and uroki¬ 
nase are used clinically for this 
purpose. Usekinase is found in the 
urine but is very expensive to extract. 
A complete course of treatment using 
urokinase dRtracted from 5000 litres 
of urine coels £5000. Heparin acts as 
an anti-coaguiant by preventing fac¬ 
tor IX (PTC-piaMna thromboplastic 
componertt) and, in conjugation with 


plasma cofactor, it inhibits formation 
of thrombin. Thrombin isessential for 
clotting of blood since it brings about 
formation of fibrin from fibrinogen. 
The inhibition of thrombin formation 
by the activity of heparin on factor IX 
may lead to unusual bleeding else¬ 
where in the body. Urokinase acti¬ 
vates the inactive form plasminogen 
in blood to the active form plasmin. 
Plasmin attacks both fibrin and fibrin¬ 
ogen and forms their degradation 
products which in turn inhibit throm¬ 
bin activity. Therefore, uroklnmie dis¬ 
solves fibrin clot and also attacks 
fibrinogen in blood disturbing the 
normal coagulating mechanism lead¬ 
ing to uncontrolled haemorrhage in 
the body. t-PA also works by convert¬ 
ing plasminogen to plasmin but acts 
on fibrin specifically and only attacks 
the clot without disturbing clotting 
mechanism. 

t-PA used in the US study was 
extracted from cancer cells. An 
immediate treatment with this sub¬ 
stance not only stops heart attack but 
also improves working of the hMrt 
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and overall chances of survival. Trials 
of t-PA treatment reported in New 
England Journal of Medicine (Vol, 
310, p. 609) show that if the patient is 
treated within seven hours of the 
onset of chest pain, the chances of 
survival are greatly increased. 


t-PA is normally produced in small 
amounts in a number of human 
tissues including cancerous cells 
which are the main source of this sub¬ 
stance at present. However, attempts 
are being made to develop genetically 
engineered t-PA in bacteria. Gene 


technology has received a clearancd 
from American Food and Drug 
Admiriistration to test genetically 
engineered t-PA on human beings. 

S.C. Shukl8& P.K. Garg 
B.S.N.V. Mahavidyalaya 
Lucknow’226001 


PLASMA MEMBRANE (Continued from page 73) 


deliver drugs and enzymes to patients 
of metabolic disorders, and hor¬ 
mones like insulin to diabetic 
patients. Importance of liposomes in 
medicine lies in their two properties; 
firstly, they provide protection to the 
encapsulated material against diges¬ 
tive enzymes (when administered 
orally) and secondly, liposomes 
release the entrapped drug very 
slowly and gradually into the 
tissuefs). In tissues, liposomes are 
believed to be digested by enzymes, 
thereby releasing the therapeutic 
agent. However, to make target- 
specific liposomes further research is 
necessary. 

In conclusion, lipid bilayer of mem¬ 
branes Is a powerful barrier against 
the entry of charged and polar mole¬ 
cules inside the celt. However, such 
molecules are selectively transported 


across a plasma membrane by pro¬ 
teins functioning as the solute carri¬ 
ers. Under stress conditions, changes 
produced irr membrane phospholipid 
composition affect functioning of 
membrane proteins, which, in turn, 
regulate cellular metabolism. There¬ 
fore. a correlation doestsxist between 
the type of pradominant lipid species 
present and the nature of function it 
performs for a cell. 

Further reading 

m 
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E.P. (1975), Physical properties of 
membrane lipids ; Biological rele¬ 
vance and regulation. Biological 
Reviews Vol. 39 (No. 3) ; p 232. 

2. Lee, A.G., Birdsall, N.J.M. and 
Metcalfe. J.C. (1973), NMR Studies 
of Biological Membranes, Vol. 9 (No. 


3) : p. 116. 

3. Lehninger, A.L. (1982), In: Prin¬ 
ciples of Biochemistry (Anderson, S. 
and Fox, J. eds). Worth Pub, Inc 

4. McElhaney, R.N. (1982), In: Cur¬ 
rent topics in membranes and trans¬ 
port (Bronner, F. and Kleinzellar, A, 
ed)Vol. 17: p. 317. 

5. Papahadjopoulos, D. (1978 
eds.). In: Annals of New York 
Academy of Sciences, Vol. 308. 
p.164. 

6. Bonting, S L. and Depont. 
J.J.H.H.M. (1981, eds.). Membrane 
Transport, In. New Comprehensive 
Biochemistry, Vol. 2. Elsevier Pub., 
Netherlands. 

7 Yeagle, P L (1978). Phospholipid 
head group behavior m biological 
assemblies, Accounts of Chemical 
Research, Vol 11 p. 321. 


TRANSITION ELEMENTS IN BIOLOGICAL SYSTEM (Continued from page 86) 


known molybdenum containing 
metallo-enzymes Several others like 
sulphite oxidase, aldehyde reductase 
and nitrogenase are also known to 
play vital roles in many biological pro¬ 
cesses. Its essentiality forfungi, blue- 
green algae and plants is also well 
recognised. Although it is an essen¬ 
tial element in human and animal 
nutrition, its specific role is not well 
established. 

Trace element deficiency and excess 

A recent trend in medicine has 
been to assign symptoms of a disease 
to the deficiency or excess of one or 
more trace elements Consequently 
there has been an increasing recogni¬ 
tion of the importance of trace, ele¬ 
ments in biological systems. Table 2 
summarises some of the symptoms 


and diseases attributed to the defi¬ 
ciency and excess of trace elements 
It may also be pointed out that even 
"polluting " metals such as cadmium 
appear to have beneficial properties 
when present in an extremely low 
concentration On the other hand. 
■ even a so called harmless metal such 
as aluminium can be dangerous if 
present in a high concentration of a 
bioavailable or non-extricable form 
This suggests that our efforts to regu¬ 
late concentration of each metal 
should be limited to maintaining its 
level within a “concentration window" 
wherein enough is present to avoid a 
nutritional deticiency but not high 
enough to be toxic. 

Conclusion 

Bioinorganic chemistry has not yet 
been able to provide sufficient vital 


background information needed for 
foolproof cure of various diseases 
caused by excess or deficiency of the 
trace elements, but the current 
research in this area is attracting 
increasing attention around the 
globe Time is not far off when we 
would be able to locate, detect and 
regulate a problem'element before it 
causes a serious health hazard. 

Further reading 

1 Inorganic Biochemistry, I & II, 
Eichhorn, Gunther, L.(Ed ), Else¬ 
vier (19731 

2 Transition Metal Chemistry. 
Muller. A and Diemann. E ,(Eds ), 
Verlag Chemie (1984) * 

3. Structure and Bonding, Vol 53. 
Copper, Molybdenum and Vana¬ 
dium in BiologicalSystems.Sprin- 
ger Verlag (1983) , 
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Florence Nightingale—the nurse extraordinary 


T he very word "Nurse" evokes the 
image of Florence Nightingale, a 
charming, kind and motherly woman 
who used to take special care of ill 
and wounded soldiers. Her image of 
" lady with a lamp" not only 
inspired poets to write poems and 
songs praising herthankless work but 
also brought tremendous respect to 
tl]e profession of nursing. But this is 
all what is generally known about her 
and her contributions to medical 
science. It is not at all known beneath 
her charm and kindness was an inde¬ 
fatigable flghte^ a woman who meant 
business. She not only showed that 
nursing was a mission and not simply 
a profession but she also brought 
about a revolutionary change in 
administration of hospitals Her con¬ 
tributions are remarkable especially 
in those days of Victorian England 
when the purpose of women was 
simply to get married and rear child¬ 
ren But the least known of her 
achievements is that she was a pio¬ 
neer irv using statistics in medical 
science She believed that statistics 
can easily be used for forwarding 
compelling arguments for the better¬ 
ment of medical treatment and facili¬ 
ties. In fact, in the field of statistics 
itself, she is considered to be the 
inventor of a new technique of pres¬ 
enting data to the public 
Florence was born with a silver 
spoon to Fanny and William Nightin¬ 
gale on May 12. 1820. Nightingales 
were wealthy people who owned a 
large estate and a number of houses 
in London and various towns Her 
father was a quiet man who liked 
reading and abstract speculation and 
also did hunting and fishing Florence 
had his cast of mind but her very 


name was after the Europe's most gay 
city which her mother, a society lady, 
loved the most in her life. So, her 
childhood was spent in attending her 
mother's drawing room parties, pic¬ 
nics and balls and also in learning 
various languages, history and philo¬ 
sophy from her father. Nevertheless, 
her bent for serving the ill and 
wounded was apparent even when 
she was a child. She used to doctor 
her dolls, nursed pets during then 
sickness and took a special care Oi 
babies 

When Florence was about to enter 
the youth of her life, she had the fine 
intellect of her father and the charm of 
her mother, a.blend which was likely 
to make her the most sought after girl 
in high society circles of those Victo¬ 
rian times And her ambitious mother 
wanted her to be a social success and 
marrry her off to a man of fortune. But 
she was unaware of the changes that 
had appeared in her daughter in the 
meanwhile One of the early influen¬ 
ces was the Italian historian Sismondi 
who was living as an exile in Geneva. In 
his presence young Florence felt that his 
high purpose of serving his country 
and unflinching integrity was worthy 
of emulation Her dreaming nature 
stimulated her to think of herself as a 
heroine fighting a just cause for the 
benefit of the mankind. The starvation 
and death that plagued England in 
1842 further made a deep impression 
on her mind. Starvation and suffering 
did not shock her so much as the 
indifference to misery that followed in 
their wake. Meanwhile, the bug of 
mathematics had bitten her. She 
found the subject highly satisfying 
and felt that it gave her a sense of 
certainty. To top it all. she had a "mys - 
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tical" experience when she was 
hardly 17. She fell that God had talked 
to her and had called her In His ser> 
vice. In course of time, Florence rea¬ 
lised that she was living a wasteful 
life. "All I do is done to win admira¬ 
tion", she once wrote. At last after 
much groping and introspection, 
she found that her place lay among 
the sick and poor. When she finally 
declared her aspirations to serve as a 
nurse in a hospital, her parents and 
elder sister were shocked. There fol¬ 
lowed terrible scenes in her home but 
she was obstinate and refused to 
yield. In those.days, no respectable 
woman opted for nursing as a career." 
Not only nurses were women of ques¬ 
tionable character and were drunk¬ 
ards but hospitals were also the 
centres of dirt, insanitation and 
squalor, 

Florence was so keen to take up 
nursing profession that she began to 
visit hospitals, infirmaries, alms 
houses, institutions, etc., of several 
European countries and began to 
study the situation of nurses on the 
spot. She used to watch how doctors 
examine patients, how operations 
were conducted, what were supposed 
to be the duties of a nurse, so on. She 
also collected all kinds of reports, stu¬ 
dies and statistics on the organisation 
of hospitals and nursing arrange¬ 
ments. On the basis of her studies she 
arrived at the conclusion that most 
nurses were either widows with large 
families to provide for or women of 
dubious past both being prone to dis¬ 
honesty. Moreover, she felt that the 
role of nurses could be made much 
more effective if their duties were to 
provide patients with clean beds and 
good food rather than simply to keep 
a watch on them through their sick¬ 
ness. She also joined a convent of 
nuns in Paris to find out the secret of 
inspiring women to live for a cause, a 
quality lacking in nurses. She had 
however a first har>d experience of 
the confusion that prevailed in a hos¬ 
pital of those days when she volun¬ 
teered to work as a nurse in Middlesex 
Hospital at the time London was reel¬ 
ing under a cholera plague. But her 
real success came into prominence 
when the Crimean War broke out in 
1854. 

The Crimean War Is known to have 
marked a new epoch In journalism 
when The Times correspondent W.H 
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Floranoa NIghtInsal* <Photo : B.I.S.y On tha right It tha Polar graph davltad by har to praaant medical data. She drew this particular 
graph to ahowlha aharp dacllna In mortality rata at Scutari hospital, thanks to tha sanitary reforms brought Into force at her Instance 

( Courtesy ; Scientlllc American ) 


Russoil began to send his dispatches 
on the state of war from the front in 
Turkey. Although the allied forces of 
Britain and France won the battie of 
the Alma river, he reported, it turned 
out to be a tragedy for the wounded 
and sick soldiers who were left behind 
without any aid due to scarcity of 
transport means. His dispatches nat¬ 
urally caused anger against the war 
authorities and sympathy for soldiers. 
The Times therefore raised a relief 
fund which was handed over to the 
War Office for action. Nightingale and 
' a party of 40 nurses were therefore 
sent to Scutari, a big village on the 
Asian shore of Bosphorus. The hospi- 
I tal at Scutari was originally a Sultan's 
palace which stood on sewers full of 
filth. When Nightingale and her party 
reached the hospital, utter chaos pre¬ 
vailed there as cholera had also 
; struck the.already ill and wounded' 
soldiers. There were no bandages, no 
splints, no chloroform and no mor¬ 
phia not to speak of clean linen and 
sheets. In absence of candies arfd 
tamps, surgeons performed opera¬ 
tions in moonlight! 


It did not take long for Florence to 
realise that she and her party of 
nurses were uninvited guests in the 
hospital Doctors and surgeons 
totally ignored her presence They 
felt that she was simply a well-bred 
nuisance who had been foisted upon 
them Some even thought that she 
was a government spy sent to keep a 
watch on them. Florence therefore 
decided to keep mum and waited on 
an opportunity to show her mettle, 
And the opportunity came when a 
fresh batch of cholera-stricken soldi¬ 
ers poured into the hospital turning 
the place into utter confusion Her 
help was immediately sought and she 
showed herself worthy of the confi¬ 
dence shown in her She took the 
entire management of the hospital in 
her own hands. The Times Fund avail¬ 
able at her disposal further enabled 
her to take her decisions free from 
any bureaucratic restrictions To 
make available clean linen and 
sheets, she established her own 
laundry. She also installed a kitchen 
to prepare food for the sick and 
i^ounded. She took charge of all 


kindsof suppiiesthaf were required in 
the hospital—from sheets, socks and 
food to medicines, chests and beds. 
.Besides, she also took personal inter¬ 
est in all soldiers When everybody 
was fast asleep, she used to take 
rounds of the hospital alone with a 
lamp in her hand Within six months, 
the mortality rate at the hospital fell 
from 42.7 per cent down to 2.2 per 
cent' Soldiers began to worship her. 
Her fame reached England when 
soldiers returning home talked about 
her in their families Legends grew 
and proliferated Poems and songs 
were written and sung in her memory 
New babies, ships and even horses 
were named after her. 

The Crimean War not only made 
Florence a legendary figure for all 
time to come but also changed her 
personality for the rest of her life. 
After seeing the horrors and miseries 
of the war. she had become a haunted 
lady. Although the British Govern¬ 
ment sent a man-of-war to pick her 
up. various military bands waited or 
her to accompany her home, severs 
receptions and public meetings were 
to be held in har honour, she refused 
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everything. In fact, she managed to 
reach England under a disguise. 
Although the changes that she had 
brought about in nursing were revolu¬ 
tionary. she herself felt that her cause 
had been defeated especially due to 
the publicity showered on her. She 
found that the concerned military 
authorities were then more hostile to 
her ideas of sanitary reforms in their 
hospitals because she was a lady and 
a heroine to boot She got the oppor¬ 
tunity to present her sanitary reforms 
backed by facts and figures when she 
met Queen Victoria and Prince Albert 
at Birk Hall, and was presented the 
St. George's Cross for her services 
Unfortunately, her reforms got 
tangled up in bureaucratic rigma¬ 
role It took more than a decade of 
persistent efforts on her part to bring 
those reforms into practice In the 
meanwhile, money began to pour in 
from all over the world m the cause of 
nursing Eventually, the Nightingale 
School of Training Nurses was 
established with the primary goal of 
furthering Florence’s ideas of sani- 
tary'reforms in hospitals 
Since her return from the Crimean 
War, Florence lived the life of a 
recluse—and an invalid at that It is 
said that she had contracted some 
disease duing strenuous work at the 
Scutari hospital She had always had 
the feeling that she was likely to die 
soon and wanted to do as much as 
she could so that she could die in 
peace She therefore always overex¬ 
erted herself One can imagine her 
activities from the fact that she kept 
regular correspondence with nurses, 
doctors and surgeons all over the 
world and also visited hospitals, infir¬ 
maries, prisons, barracks, etc., to col¬ 
lect data and to watch where the 
things were going wrong. Her prodi¬ 
gious amount of work appeared in her 
'later life in form of small pamphlets 
and then books on various aspects of 
nursing, hospital administration, 
child care and health, etc. Although a 
woman in her position was offered 
several * special privileges, she 
declined all and lived like an ordinary 
citizen. When she died at the age of 90 
years, her body was buried without 
pomp or show in the family grave. A 
simple cross with her initials "F.N " 
marked her grave, as per her will 
Only a few years before her death, the 
International Conference of Red 
Cross Societies hailed her as the pio¬ 
neer of the Red Cross movement 


What were Florence's contributions 
to medical science and statistics? 
First of all, she brought in revolution¬ 
ary changes not only in nursing pro¬ 
fession but also in the attitudes of 
nurses towards patients. She evolved 
a cpde of conduct for nurses. For 
instance, she made it compulsory for 
all nurses, whether belonging to high 
or low families, to live together, have a 
uniform dress, so on She also made 
the position of a nurse subservient to 
doctors and surgeons. She believed 
that nurses should not simply con¬ 
sider the treatment of a patient's body 
to be their sole duty but also h is or her 
soul. She also suggested the use of 
various gadgets, such as "bell” and 
"bulbs," to reduce the peon work a 
nurse had to do. Her sanitary reforms 
in hospitals were taken up all overthe 
world in course of time and reduced 
the rate of mortality She even 
thought that hospitals should be 
designed in such a manner that they 
follow the elementary principles of 
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sanitary science. For instance, hospi¬ 
tals should have better ventitation, 
better drainage, and better food 
should be served to patients. Her stu¬ 
dies showed that a large cubic meter 
of breathing air per patient should 
bring down the rate of mortality in 
hospitals! She was therefore con¬ 
sulted In designing several hospitals, 
including the General Hospital, Mad¬ 
ras. Although she ignored the then 
newly established germ theory of dis¬ 
eases, her reforms in hospitals con¬ 
formed with the theory. She also 
advocated hospitals to follow uniform 
methods to collect data and also to 
have uniform policy of naming dis¬ 
eases. In fact, at the newly formed 
International Congress of Statistics 
held in 1860 her scheme for uniform 
hospital statistics was the principal 
subject for discussion. In statistics, 
she invented what is now known as 
the "Pollar area charts" to pres¬ 
ent statistical data in an easily under¬ 
standable manner. 

Dilip M. Saiwi 


Cork : a material with unusual qualities 


C ORK is the bark of ‘cork oak’ tree 
which flourishes only in the area 
surrounding the western Mediterra¬ 
nean sea Cork is a material of unus¬ 
ual versatility because it is endowed 
with many desirable properties which 
are not found together in any other 
Single material 

Cork IS a very light material The 
density of natural cork is only about a 
quarter of the density of water. Cork- 
board, which is made from granules 
of pure cork by a special process and 
IS available in slab form, is lighter than 
natural cork Furthermore, the ther¬ 
mal conductivity of corkboard is 
incredibly low This makes it an 
extremely efficient thermal insulator 
and has also earned it the distinction 
of becoming the recognised standard 
of comparison for all low- 
temperature insulating materials. 

The compressibility of cork is very 
high. Cork mountings have been 
deflected upto 24% without showing 
any noticeable bulging (lateral 
expansion). This is in sharp contrast 
to the behaviour of rubber whose 
volume compressiblity is extremely 


low. If th IS seems contrary to common 
notion. It may be pointed out that a 
block of rubber when compressed in 
one direction invariably bulges out in 
other directions so that its volume 
remains essentially the same. 

The high compressibility of cork, 
together with its high resilience (ten¬ 
dency to spring back to normal shape 
after deformation), makes it particu¬ 
larly useful for isolation of vibration 
For this purpose, special grades of 
corkboard, are often installed on, the 
sides or under the concrete founda¬ 
tion of heavy machinery 

Cork does not have the blotting- 
paper effect which causes materials 
of fibrous composition to absorb 
water Absorption of water usually 
results in swelling and leads to grad¬ 
ual decay of materials, Cork is remar¬ 
kably free from these problems. 

Cork is an excellent acoustic mate¬ 
rial (noise absorber) . Cork tiles have a 
sound absorption coefficient of 0.35 
to 0 45 which means that the acoustic 
tiles can absorb as much as 35 to 45 
per cent of incident sound energy, 
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Cork Isaflr»>rotarclantmaterial. Itwill 
not catch fire from sparks and can 
only be ignited by a flame. 

Many of the desirable properties of 
cork are directly attributaUe to its 
unique cellular structure. Instead of 
being fibrous as is the bark of many 
other trees, the bark of cork oak is 
composed of minute cells. These 
cells are so small that they can be 
seen only under a high-power micro¬ 
scope. Incredible as it may seem, 
there are more than 10 million cells in 
a cubic centimetre of cork. Each cell 
is filled with air. Next only to vacuum, 
air is the best insulator known. The 
low thermal conductivity of cork is 


due to the presence of these innumer¬ 
able air-filled cells. 

Cork cellular structure, also makes 
it free from the malady of water 
absorption. 

The excellent noise-reducing abi - 
lityof cork is also due to its cellular 
structure. Air inside the minute pores 
is set vibrating by incident sound 
waves. Friction of this motion against 
wallsof the pores generates heat. Part 
of the sound energy is removed as 
heat, while the remainder is reflected 
and transmitted, in this manner, 
effective noise-attenuation is 
achieved. 

Su|lt Kr. Naha 

Calcutta-600061 


Squares of numbers and their reversals 


T he two-digit numbers 12 and 
13 when squared generate the 
numbers 144 and 169 respectively. If 
we take the squares of the reversals of 
these numbers the results also get rev¬ 
ersed. Thus. 

12' = 144 
21'= 441 
and 

13'=169 
31' = 691 

Incidentally, 12 and 13 are the only 
two-digit numbers which behave in 
this way. It will nevertheless be inter¬ 
esting to examine if there are any 
higher numbers, with digits greater 
than 2, which also behave similarly 
First, let us limit our search to three- 
digit numbers. Let such a number be 
xyz = lOOx+lOy+z. We assume, for 
simplicity, that the squares of thedig- 
its X, y and z of the number are single¬ 
digit numbers so, that the maximum 
values of x. y and z cannot be greater 
than 3. We can then write for the 
square of the number xyz, 
(1OOx+1Oy+z)'=1O,O0Oa+1.onDfcH^1CX)c+ 
lOd+e 

where a, b, c, d, o are the digits of the 
resulting square number from the left. 

On reversing the number xyz and 
taking its square the equation that 
results is' 

(100z+l0y+x)' = 10,000 e + I.OOOd + 
100c +I0b +a 

From the above equations, we have 

the following identities; 

x'=a, 2xy=b, 2xz=c. 2yz=d, z'=e 


In order to solve these identities we 
note that x and z in particular can only 
take the values (1,2); (2,1); (1,3), or 
(3,1). The combinations (1,1); (2,2) 
and (3,3) are automatically eliminated 
as they only lead to some trivial three- 
digit palindromic numbers. The com¬ 
bination pairs (2,3) and (3,2) make 
c=12 and, therefore, have to be ruled 
out. 

Once we have been able to fix the 
values of x and z, the acceptable 
values of y can be worked out easily 
from either of the following 
equations, 
y = b/2x 
or y - d/2z 

It should be noted that for z>x the 
value of y is obtained from y=d/2z 
while for x>z the relevant equation 
from which y Is calculated is y=b/2x 
For instance, for the pair x, z=(1,2) 
where z>x the values of y can be cal¬ 
culated from y=d/4. Obviously, d can 
be either 0, 4 or 8 and, therefore, the 
admissible values of y are 0, 1 or 2. 
The pairx.z=(1,3) similarly gives for y 
the values 0 or I. Thus, the three-digit 
numbers we were looking for the fol¬ 
lowing five: 

102, 112, 122, 103, and 113 
These numbers were obtained by 
assuming that the limiting valuesof x, 
y and z cannot exceed 3. Relaxing this 
condition makes the treatment more 
complicated however. Without going 
into the intricacies of the treatment it 
suffices to remark that no additional 


three-digit numbers exhibiting the 
same property carl be found out. Can 
any reader supply a proof why this 
should be the case? 

Finding out four-digit numbers that 
exhibit the same property is still more 
difficult. However, the author has 
been able to figure out tf.e following 
twenty four-digit numbers which 
satisfy the requirement laid down by 
us; 

1011, 1021, 1031, 1121, 1002, 1102, 

1012, 1022, 1202, 1112, 1212, 1122, 
1003, 1103, 1013, 1203, 1023, 1113, 
2012, 2022 

It may be noted that the sum of the 
digits in any of the above numbers 
does not exceed 6 Can anyone pro¬ 
vide more examples by intuition or ^y 
following a logical method? 

P.K. Mukherjee 

Lecturer in Physics 
Deshbandhu College 
Kalkan, New Dclhi-110019 


Science quiz (Forestry) 

1. The most important timber tree 
of India IS 

(a) Sal (Shorea robusta) 

(b) Shisham (Dalbergia sissoo) 

(c) Teak (Tectona grandis) 

(d) Deodar (Cedrus deodara) 

2, A tree which normally attains the 
largest dimensions is 

(a) Semal (Bombax ceiba) 

(b) Deodar (Cedrus deodara) 

(c) Teak (Tectona grandis) 

(d) Champa (Michelia champaca) 
3 The principal resin-producing 

pine of India is 

(a) Kail (Pinus wallichiana) 

(b) Khasipine (Pinus insularis) 

(c) Chir (Pinus roxburghii) 

(d) Chilgoza (Pinus gerardiana) 
4. Newsprint-making tiee of India 

IS 

(a) Salai (Boswellia serrate) 

(b) Euealypts (Eucalyptus 
hybrid) 

(c) Paper mulberry (Broussone- 
tia papyritera) 

(d) Silver fir (Abies pindrow) 

5 The bidi leaf tree is 

(a) Sal (Shorea robusta) 

(b) Maljhan (Bauhinia vahlii) 

(c) Dhak (Butea monosparma) 

(d) Tendu (Diospyros melano- 
xylon) 
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6. Cutch and katha are obtained 
from 

(a) Babul (Acacia nllotica) 

(b) Khair (Acacia catachu) 

(c) Phulahi (Acacia modasta) 

(d) Semla (Bauhinia ratusa) 

7. Commonest matchwood of 
India is 

(a) Qutel (Trawla nudltlora) 

(b) Papita (Ptarocymbium 
tinctorlum) 

(c) Semai (Bombax calba) 

(d) Kadam (Anthocaphalus 
cadamba) 

8. Most prized essenttai oil¬ 
bearing wood is 

(a) Agar (Aquilarla agallocha) 

^ (b) Deodar (Cadrus daodara) 

(c) Chir (PInua roxburghii) 

(d) Sandai (Santalum album) 

9. Most important oil seed-bearing 
tree is 

(a) Neem (Azadirachia indica) 

(b) Karanja (Pongamla pinnata) 

' (c) Mahua (Madhuca spp.) 

(d) Raini (Mallotus phillppensis) 

10. Most important tanning bark 
used in North India is that of 

(a) Arjun (Tarmmalla arjuna) 

(b) Babul (Acacia nllotica) 

(c) Amaltas (Cassia fistula) 

(d) Sal (Shoraa robusta) 

11. Commonly used timber for carv¬ 
ing screens, furniture and trays 
is 

(a) Haidu (Adina cordifolia) 

(b) Qamari (Qmalina arboraa) 

(c) Kaim (Mitragyna parvifolla) 

(d) Akhrot (Juglans ragia) 

12. Most prized wood for high ciass 
carving and inlay work is 

(a) Shisham (Dalbargla sissoo) 

(b) Red Sanders (Ptarocarpus 
aantalinus) 

(c) Rose wood (Dalbargla 
latifolia) 

(d) Ebony (Diospyros abanum) 

13. Chief sports goods-making 
wood of india is 

(a) Mulberry (Morus alba) 

(b) Celtis (Caltls australis) 

(c) Bola (Morus laavigata) 

(d) Ash (Fraxinus florlbunda) 

14. Most widely used timber for 
scales for school use is 


(a) Toon (Toons clllata) 

(b) Haidu (Adina cordifolia) 

(c) Mango (Mangifara indica) 

(d) Qamari (Qmalina arboreal 


O RIGINALLY the word ‘Cryoge¬ 
nics’ meant the study end 
generation of low temperatures. In 
recent years, however, the term has 
been used increasingly to mean a 
special branch of physics which 
essentially deals with phenomena 
related to supercold temperature 
conditions. 

As a branch of science, cryogenics. 
IS not very new. it originated at the 
turn of this century when oxygen and 
nitrogen were separated from air by 
liquefying it and selectively boiling off 
the ingredients. Oxygen and nitrogen 
obtained in this way are now used in 
various industrial sectors as well as 
for research 

It was only after liquefaction of 
helium in 1908 that the real 
interesting features of cryogenics 
came to light Liquefaction of helium 
may be rated as the final achievement 
in this particular line of efforts, as all 
other gases liquefy at considerably 
higher temperatures .So it is no 
wonder that after 1877, when oxygen 
was liquefied, it took almost three 
decades for scientists to master the 
technology of helium liquefaction. 

It is worth mentioning here that 
liquefaction of gases one after 
another was not just an aimless game 
played by the scientists. On the 
contrary, the efforts were aimed at 
attaining the ultimate in low 
temperature the absolute zero. It was 
first postulated by the French 
scientist Guillaume Amontons, who 
conceived the idea of some ultimate 
lowest temperature; from the gas laws 
its value wascalculated to be—273°C. 
When this temperature was 
theoretically earmarked, it was 
natural to introduce a new scale, of 
which this would be the zero. The new 
scale widely used in cryogenics is the 
Kelvin scale of temperature. 


A.C. Oupla 
Reteareb Officar 
F.R.I. & Collagas Dahra Durh24800e 

(Ans. on page^iis) 


Once the value of absolute zero was 
calculated theoretically, it became a 
matter of keen interest among 
experimentalists to achieve it in 
practice and the venture, seeming 
endless yet. started with the 
liquefaction of the gases one after 
another. 

To answer the question whether we 
can ever produce absolute zero of 
temperature in the laboratory one has 
to go through certain theoretically 
established facts. 

It is known that an increase in 
temperature of anything means an 
increase in the average kinetic energy 
of the molecules constituting it 
Based on this idea, it was wrongly 
assumed that at absolute zero all the 
molecules of a substance would 
comt* to an absolute state of rest This 
conceptual mistake was rectified in 
1906 after Walther Nernst, a German 
Chemist, discovered a fundamental 
law of physics known as the Third 
Law of Thermodynamics. On 
theoretical grounds he was able to 
show that even for a substance at 
absolute zero the molecules might 
possess some energy, but, according 
to him. in so far as their motions are 
concerned, they must be in a state of 
perfect order at that temperature. 

For example, in a gas at normal 
temperature the molecules are in a 
state of random chaos, restless and 
free to move in all directions. To bring 
them under perfect order one has to 
proceed step by step In the first step 
this absolute disorder is modified to 
some extent when the gas it cooled 
down and thertliquefied.To establish 
more .order, in the second step, It is 
necessary to take out more heat to 
CO it further till it solidified. These 
sui ressive changes establish more 
and more order. One can very easily 
realize that as matter changes from 


The long trek to 
absolute zero 
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gaseous to liquid state and from 
liquid to solid state the motions of its 
molecules become more and more 
constrained, i.e.. they lose freedom. 
This approach towards perfect order. 
I.e., absolute zero, as Nemst showed, 
has Hmitetions. To achieve it in 
practice by the process of cooling will 
require an infinite number of steps 
and hence will never be achievable. 

This concept, however, gives some 
elfecttve hints to various means of 
generating very low temperatures 
The method usually adopted for this 
purpose is to compress a gas 
isothermally and then allow it to 
expand adiabetically. Normal when a 
gas is compressed it usually gets 
heated, so for its isothermal 
expansion the heat has to be taken off 
so that after compression the order of 
the molecular motion does not 
decrease. If after this compression 
the gas is allowed to expand 
adiabetically, i.e , if during expansion 
no heat is allowed to enter, the net 
result IS a gam in the order of the 


molecular motions and hence a fall of 
temperature. As the cycle is repeated, 
the order increases atep by step after 
completion of each cyde, till the gas 
finally liquefies. 

Now. as all liquids are practically 
incompressible, some other process 
has to be adopted to cool It further. 
Temperatures below those attainable 
by gas liquefaction may be reached 
by a process called ’adiabetic 
demagnetization'. This method in fact 
brings order in the random 
orientations of electron spin. It is well 
known that due their spin electrons 
behave like small magnets. Normally, 
these tiny magnets are randomly 
oriented even at temperatures as low 
asl K and to bring order in them one 
has to use a very strong magnetic 
field This ordering naturally 
generates a heat of magnetization 
which has to be removed. This is 
normally done using liquid helium. 
After cooling, if the magnetic field is 
switched off without allowing the 
system to regain heat from outside 


the temperature falls further. 6y 
successive application of this piocess 
a temperature as low as .003 K can be 
generated. Similarly by the same 
process, starting from a temperature 
not higher than .001 K with an 
ordering of nuclear spin orientations, 
one might theoretically obtain a 
temperature as low as .0001 K. 

But the question remains; Even at 
this super cooled condition, how far 
are we from absolute zero?. The 
answer is. as far as ever, since from 
this point also it would require an 
infinite number of steps to reach the 
ultimate goal' 

Oebabrata Mukhopadhyay 

AH India Radio. Siliguri 
West Bengal-734401 

Answers to science quiz 

1. (c). 2. (b).3. {c).4. (a). 5. (c:),6 (b), 
7. (c), 8. (d), 9. (c), 10. (b). 11. (d), 12. 
(c). 13. (a), 14. (b) 


SCIENCE SPECTRUM (Continued from page 110) 


because of its low water content, the 
flesh of fruit becomes hard. 

(v) Degtetnoor. Itisalsoaaemi-dry 
date from Algeria and is the leading 
variety in the U.S.A. It is good for 
storage. 

(iv) Shamran. Thi8semi<drydateisa 


containing the highest flesh content. 
The fruits are golden yellow in colour 
and delicious in taste. 

(vi) Barhea. It is a soft date from Iraq 
Algeria and also is a leading variety. It 
ripens late as compared to the other 
varieties. 


N. M. Surana 

Lecturer in Botany 
Government College 
Raigarh-301408 (Dist. Alwar) 
(Rajasthan) 
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JUNE 1985 


"What IS this? When I asked you to bring 'Chips’, I 
meant 'silicon chips' and not potato chips" 



SCIENCE REPORTER 













FOR HER 


Natural family 
planning methods 

N atural family planning is the 
ability to pian or prevent preg¬ 
nancy by utilizing the natural 
monthly fertility cycle in every 
female. Natural methods of family 
planning aim at identifying the fertile 
period as precisely as possible so 
that by planned sexual intercourse or 
abstinence at that time a pregnancy 
may be achieved or avoided. 
Attempts to enhance or diminish fer¬ 
tility by restricting sexual activity to 
given periods of the menstrual cycle 
are probably as old as mankind. 

; To adopt these methods for promo¬ 
ting or controlling fertility one must 
J know about the process of ovulation 
I and survival of spermatozoa and ova 
' in the female reproductive tract. The 
fully formed and mature egg is 
' released from the ovary on a day in 
; the middle, that is between 14th and 
;; 16th day of the normal menstrual 
cycle which is mostly 28-30 days 
I long. This egg survives for a maxi- 
t mum of 24 hrs in the female repro- 
ji ductive tract. The spermatozoa 
I however remain alive in the female 
I tract for a period of 48-72 hrs after 
f intercourse 

I 

I The key to success in the natural 
ft* family planning (NPF) methods, lies 

i ln the detection of ovulation Some 
methods are briefly mentioned here 

I SCIENCE REPORTER 


Calendar method 

It has been indicated by various 
studies that menstruation takes place 
after 12 to 16 days of ovulation. By 
recording the length of cycle of a 
woman, the earliest day that ovula¬ 
tion took place can be determined by 
Subtracting 16 from the shortest 
cycle. In the same manner, the latest 
day that ovulation took place can be 
obtained by subtracting 12 from the 
longest cycle. Twelve is the shortest 
and 16 is the longest interval 
between ovulation and menstruation. 
If survival of spermatozoa and ovum 
is estimated at 3 days and 1 day 
respectively, the fertile period of a 
woman would start 3 days before the 
earliest possible ovulation and would 
end 1 day after the latest. Since most 
women tend to menstruate at regular 
intervals, previously recorded cycles 
may help in making predictions 
about future ones. 

Mucus method 

A woman ca?i learn to oetect sen¬ 
sations and perceive changes in cer¬ 
vical mucous. Immediately after 
menstruation, there are usually ‘dry 
days' during which there is no per¬ 
ception of mucus . The fertile period 
begins with the ‘wet days’, when 
under the effect of circulating estro¬ 
gens, cervical mucus produces a 
cloudy and sticky mucus discharge 
This period is followed by another 
with more intense ‘wetness’. As ovu¬ 
lation approaches, mucus becomes 
highly lubricative with the consis¬ 
tency of egg white. Soon after ovula¬ 
tion, the amount of mucus 
diminishes and the vaginal discharge 
disappears giving rise to a second 
'dry' period until the following men¬ 
struation. The major advantage of 
the mucus method is that it has a 
predictive value, as coitus must be 
avoided whenever a ‘wet day’ 
appears. The mucus method can be 
used during breast-feeding or during 
postpartum period when normally 
ovulation does not take place. 

SymptothtriTMii method 

This probably is the most utilized 
of all NFP methods It is based on 


detection of ovulation by different 
symptoms such as pain, mucous dis¬ 
charge and/or hemorrhage and by 
the basal body temperature (BBT). 
The presence of progesterone 
secreted by corpus luteum causes a 
small but detectable rise in the BBT. 
The rise is of about 0.2*0-0.500. 
Sometimes, the rise is abrupt from 
one day to the other, at others it may 
last 3-4 days before reaching a 
hyperthermic plateau. Frequently, 
the rise is preceded by a dip. It is 
maintained while the corpus luteum 
is functioning. If pregnancy does not 
occur, the temperature drops when 
the corpus luteum ceases to function 
and menstruation begins. 

Intermenstrual pain has been 
shown to correlate well with ovula¬ 
tion Other symptoms that have been 
advocated are self-observation and 
palpation of the cervix. During the 
ovulatory phase, the cenrix is soft 
and half opened; afterwards the cer¬ 
vix closes and its consistency 
hardens. Some women experience 
episodes of intermenstrual bleeding, 
frequently misinterpreted as men¬ 
struation. It has been shown that 
these hemorrhaaes coincide with 
ovulation 

The symptothermic method may 
be used by restricting coital activity 
to the postovulatory phase This form 
has the advantage of limiting coital 
activity to 12 days of the cycle and it 
can be utilized by women with irreg¬ 
ular cycle. The methods can be util¬ 
ized with coital activity in the 
preovulatory phase also The begin¬ 
ning of fertile period is then deter¬ 
mined by mucous symptoms. 

Out of all these NFP methods, 
mucus method appears to be one of 
the most efficient ones. In general, it 
appears that the symptothermic 
method with intercoursd^stricted to 
the postovulatory phase is the most 
reliable form, followed by the symp¬ 
tothermic method utilizing both pre 
and postovulatory phases. Calendar 
rhythm seems to be the least reliable 
of all the four forms 

Charanllt Kaur 

Asstt. Physiologist (Reprod.) 

Dopartment of Zoology 
Puniab Agricultural University 
Ludhiana (Puniab) 
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The enigma of infertility 


A coupl9 i9 considered possibly 
intartiie if pregnancy •fias not 
occurred within one or two years of 
marital relation without any contra¬ 
ception. According to World Health 
Organization, infertility is the inabi¬ 
lity to conceive within two years of 
unprotected intercourse. The term 
‘sterility' indicates complete and per¬ 
manent inability to conceive even 
after treatment, infertility is of two 
types: primary infertility or inability to 
have any children at all, and secQn- 
dary infertility in which atleast one 
conception has occurred but there is 
inability to have additional children. 
Female factors account for only 50%- 
70% of all cases of infertility. So it is a 
misconception that always the 
females are at fault, as in 30%-S0% 
cases the fault lies in the male 
partner. 

Causes of female Infertility 

The causes are anatomical defects 
in the cervix, uterus and fallopian 
tubes. Different types of infections. 

INFECTION 

— POST-ABORTAL 
- POST-PARTUM 


ovulation disorders, hormonal and 
emotional factors and cervical 
mucous disorders are other causes 
of female infertility (Fig. 1). In many 
developing countries, surveys sug¬ 
gest that the tubal factors such as 
tubal infection and blockage are 
major causes of infertility while other 
causes such as ovulation disorders, 
endometriosis, etc., also play an 
important rote. The major causes of 
tubal inflammation leading to infertil¬ 
ity are grouped under one term ‘Pel¬ 
vic inflammatory disease' (PID), the 
major source of which are tuberculo¬ 
sis, postpartum and postabortal 
infection, sexually transmitted dis¬ 
eases such as gonorrhoea, chylami- 
dia, mycoplasma, etc. Genital 
tuberculosis is very common in India 
and may be the cause of infertility in 
10% cases. Schistosomiasis, a water 
borne parasitic disease, is also consi¬ 
dered a cause of infertility. 

Postpartum (after delivery) and 
postabortal (after abortion) infec¬ 
tions are quite common causes of 


_^_HOn HCR 

PID leading to secondary infertility 
as the microorganisms can ascend 
from the dilated cervix and dip tissue 
remaining In the uterus may promote 
bacterial growth. Obstetrical difficul¬ 
ties such as prolonged or obstructed 
labour, deliveries and abortions by 
untrained personnel, use of unsteill- 
ized Instruments for delivery and 
abortion lead to infection causing 
secondary infertility. The criminal or 
septic abortion is another cause of 
infection. Apart from these causes, a 
few other factors such as .intake of 
alcohol, tobacco, certain drugs as 
barbiturates, narcotics, anticancer 
drugs, etc., may be responsible. 
Environmental hazards as lead poi¬ 
soning, radiation, pesticides, etc., 
may cause infertility. Malnutrition is 
yet another factor. 

Causes of male Infertility 

Males usually deny to be the cause 
of infertility, butthey account for30% 
of all causes of infertility. The woman 
is almost always the.first of an infertile 
couple to be examined and usually 
studied more intensively than man. In 
many cases, man is examined only 
when all female factors have been 
excluded. Many men refuse examina¬ 
tion as they mistakenly believe that 
sexual potency is a proof of fertility. 

Male infertility IS most often caused 
by one of the two conditions like 
blockade of the sperm ducts or dis¬ 
orders in sperm production. A less 
common condition is sexual malfunc¬ 
tion that prevents proper ejaculation 
of semen. Infertile males are usually 
classified as azoospermic' (no sperm 
in semen) and 'oligospermic' (low 
sperm count in semen). Normal 
sperm count is 60-150 million per ml 
of semen but count below 20 million is 
called subfertility. The causes of mate -.. > 
infertility are genital infections, tuber- -. 
culosis, filariasis, leprosy, mumps, 
small pox and schistosomiasis 
(Fig.2). Hormonal, genetic and immuno¬ 
logical factors also play a vital role in 
male infertility. Intake of alcohol, 
tobacco, drugs, radiation and pesti- 
. cided hazards are other causes, Vari¬ 
cocele. a conditioh where there are '■ 
dilated,tortuous testicular veins, may, 
also be a cause of subfertility. 

' 
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- TUBERCUljOSlS 

- SEXUALLY TRANSMITTED 
DISEASES 

- NONSEXUALLY TRANSMITTED 
DISEASES 

- SMALL POX 


CONGENITAL DISORDERS 


BLOCKED SPERM DUCT 


SPERM 


ANTIBODIES 


POOR SEMEN QUALITY 


VARICOCELE 
HORMONAL IMBALANCE 
ENVIRONMENTAL FACTORS 
ALCOHOL,DRUGS,TOBACCO 


SPERM 

PRODUCTION 
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TESTICULAR 
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GENETIC FACTORS 
HORMONAL DISORDERS 

MUMPS 
SMALL POX 


PSYCHOIDGICAL FACTORS 
SYSTEMIC DISEASE - 


SEXUAL 
MALFUNCTION 


MALNUTRITION 

------- J___1 

Flg-2. Causes of mala Infertility 

Table 1. Causes of Infertility 

Ma/0 

F9mal» 

Both 

Low sperm count 

Ovulation absent 

Act of coitus abnormal 

Abnormal sperms 

Imperfect corpus luteum 

Sperms fail to penetrate 


function 

cervical mucus 


Abnormalities congenital. 

Sperms and ovum cannot meat 


post-surgery 

because of tubal blockage 


post-infaction 

functional or organic 


Olaonotla 

Treatment for infertility is often 
unsuccessful and only 2S%-50% of all 
couples treated achieve a live birth. 
The chances of success depend 
mostly on the causes of infertility. The 
simple diagnostic procedures used 
are; medical history and examination 
of both male and female, semen aruil- 
ysis, ovulation detection tests, tubal 
patency tests, laparoscopy for 
females and post-coital tests. The 
other sophisticated tests include hor¬ 


monal assays, cytogenetic studios, 
immunological studies, testiculatr 
biopsy, antisperm antibodies and cer ¬ 
tain special X-rays of the skull. 

History of genital infection and 
menstrual disorders is most impor¬ 
tant. The semen analysis should be 
carried out atleast 5-7 days after 
abstinence and the quantity, pH, 
liquefaction time, consistency, and 
microscopic examination of sperms 
for. sperm count, motility and mor¬ 
phology are studied. The ovulation 
•detection indicators are basal body 


temperature charting, cervical 
mucus changes and endometrial 
biopsy. Btteal body temperature rises 
0.2®C-0.9®C about one or two days 
after oviulation indicating thereby that 
ovulation has occurred. The cervical 
mucus just after menstruation is 
absent or present in a small amount. 
Shortly before ovulation, it is stipky, 
cloudy and more copious. Around the 
time of ovulation it is plenty, slippery 
and clear. Endometrial biopsy is also 
done to assess the evidence of ovula¬ 
tion. The curretted material should 
also be sent for examination of tuber¬ 
culosis. 

Tubal patency can be tested by 
hysterosalpingography. In this tech¬ 
nique. an X-ray of the uterus and 
tubes is taken after injecting some 
radio-opaque dye and, if the tube is 
patent, there vyill be spillage of dye in 
the peritoneal cavity By this tech¬ 
nique any anatomical defect in the 
uterus and tubes can also be judged. 
The other way to test tubal patency is 
to inject some gas, especially carbon 
dioxide, into the cervix and passage 
of gas through the uterus and tubes is 
monitored by pressure gauge. The 
patency test should not be performed 
in presence of an infection as it may 
spread the infection causing further 
harm. 

Laparoscopy is a very useful tech¬ 
nique both for diagnostic and some¬ 
times for therapeutic purpose. In this 
procedure, a tube called laparoscope 
IS passed into the abdominal cavity 
through a small hole in the wall of 
abdomen and the uterus, tubes and 
ovaries are visualized and any defect 
IS noted. From the diseased area a 
biopsy can be taken to confirm the 
diagnosis. Minor therapeutic mea¬ 
sures can be done such as cutting and 
cauterization of the adhesions which 
may be blocking the tubes. 

Information about both man and 
woman can be obtained from another 
simple diagnostic test, the post-coital 
test. This test involves taking a sam¬ 
ple of cervical mucus, two or three 
hours after intercourse near the time 
of ovulation. The mucus Is examined 
undpr high power of microscope. A 
count of about 10-20 motile sperms 
per high power field is considered 
norniai. 

(Continued on page 127) 
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ENVIRONMENT 


Flushing rate—an Important remedy 
for the maintenance of Dal lalce 


T he Dal lake—a great tourist 
attraction in Kashmir-situated 
in backdrop of high mountains, 
presenting a glamorous view of 
nature, is under considerable strain 
due to encroachments and denuda¬ 
tion of forests on its catchments. 
Keeping in view its importance, both 
in terms of aesthetic and socio¬ 
economic value, various processes 
pertaining to the lake system are 
being monitored for adoption of suit¬ 
able remedial measures from time to 
time. 6ne such aspect forming the 
text of the present communication 
relates to the phosphorous budget— 
an element of considerable and criti¬ 
cal importance in aquatic 
ecosystems, delimiting growth both 
at micro-and macrophytic levels, 
determining the stage of eutrophica¬ 
tion—in relation to the flushing rate 
(discharge/lake volume). 

Flushing rate of water has recently 
been shown to be an important factor 
in an aquatic ecosystem having a 
great bearing on its mineral cycles, 
especially working against the phos- 


contributing about 56% of the totist 
income. The type is organic phos¬ 
phorus mostly added in the form of 
human wastes—which as such are not 
directly useful to plants, unless ren¬ 
dered available through de¬ 
composition processes, and are 
limited however to only a few months 
of a solar year. 

Construction of phosphorus 
budget in relation to flushing rate 
shows that though phosphorus load¬ 
ing is high, phosphorus concentra¬ 
tion is not proportionately high in the 
lake system due to a very high flush¬ 
ing rate at the same time which natu¬ 
rally acts as an important natural in 
built mechanism. High flushing rate 
in the lake results from increased 
input of water into the lake due to the 
melting of snow in its vast mountan- 
ous catchment (area 316 km*) 
coupled with heavy rains especially 
from March to July each year. 

In the lake waters, phosphorus 
concentration sometimes does shoot 


to high levels, but the lake still does 
not show conditions characterlstie of 
eutrophy as is true under similar con¬ 
ditions In case of other lakes in gen¬ 
eral. Various other mechanisms 
working hand-in-hand with flushing 
rate in this regard are (1) mart nature 
of the lake having high pH values 
which assist in copreci|ritation of 
phosphorus with calcium carbonate,' 
(2) locking up of considerable 
amounts of the minerals by macro¬ 
phytes serving m biological sinks, 
and (3) dissynchronisation between 
availability of the mineral and growth 
of pattern of plants. 

Taking a stock of overall hydrologi¬ 
cal and phosphorus flux in the lake 
system, the flushing rate together 
with built-in-mechanisms as already 
discussed apparently plays a very 
important role in its maintenance, . 
with a great scope of its further utili¬ 
sation in a more profitable manner. 
By adjusting the time of deweeding 
that has lately been taken in hand 
with the instailation of' deweeding 
barges in the lake system keeping in 
view the role of macrophytes as bio¬ 
logical sinks, as well as phosphorus 
input due to increased water Inflow 
and buzzing tourist activity within., 
and around the lake during summer, 
much of the mineral could be flushed 
out of the system in that very season. 
This will help in keeping the overall 
concentration of this key minerals 

(Continued on page 127) 


phorus loading (input of phosphor- 
us/lake area) and thereby serving as 
an important safety mechanism in its 
mpinlenance' (Dillion 1974). The 
result of the study conducted on Dal 
laim (Table 1) shows the phosphorus 
retention co-efficient (fraction of 
Input not lost through outflow) tq 
decrease with increasing flushing 
rate and vice versa; which in.simple 
terms would mean that with higher 
flushing rates more of the mineral 
gets flushed out of the lake system 
with the consequent lesser retention. 
The ptiosphorus load on the lake is 
evidently quite high, the chief con¬ 
tributors being the population resi¬ 
ding around the lake and within It 
including tourists, ail put together 


Table 1. Relationship of flushing rate and phosphorus loading In Dal 
lake (1981-1982) 


Month 

Flushing rato 
(times month'') 

P. loading 
(g.irP month'') 

Retention 

coefficient 


August 1981 

1.59 

0.519 

0.087 


September 

1.18 

0.463 

0.493 


October 

0.44 

0.399 

0.572 


November 

0.18 

0.379 

0.805 


December 

0.15 

0381 

0354 


January 1982 

0.15 

0.339 

0.638 


February 

0,16 

0.339 

0.857 


March 

1.59 

0.531 

0.206 


April 

2.41 

0.895 

0.096 


May 

3.9 

0.891 

0.106 


June 

3.46 

1.468 

0.220 


July 

3.16 

1.183 

0.282 . 



Total = 18.33 (times yr-'lTotal = 7.598 (g.m* yr-’) 
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THE COMPLETE GUIDE TO SUC¬ 
CESS WITH THE i.B.M.P.C. JR/>y 

Vernon K, Sonciak, Eileen M. Sondak 
and Norman E. Sondak (Available 
with'.B,/. Publications. Promotion 
De(!>artment. 61-Lakshmi Building, 
Sir Phirozshah Mehta Road, Bombay- 
4CX)001),Pp. 400, US. $14.95 

W HATisl.B.M 'sP C. Jr. all about? 

Well, it's a micro-computer, 
often called a personal computer 
(Junior) developed by International 
Business Machines Corporation, 
U.S.A.. which incorporates the entire 
data processing unit on a single sil¬ 
icon chip. It can be useful in business 
for accounting, record keeping, 
financial management or in educa¬ 
tion for help in learnirig foreign lan¬ 
guages, arithmatic, spelling or else 
can write letters, balance your 
budget, keep recipe files and can 
dance to the tune of your finger tips 
for your entertainment or 
amusement. 

Sondak family's superb book, 
under review provides the necessary 
know-how to unveil the mysteries of 
the world of P C. Jr In this book, the 
authors start with the very basic con¬ 
cepts of computing and gradually 
build up the readers- confidence in 
computer skills as they go along its 13 
chapters. Beginning with the anat¬ 
omy of computers, the authors guide 
the readers right from taking the P.C. 
Jr. out of its carton and setting it up to 
purchasing the right software. In the 
next chapter, the author explains.how 
to write and run your own program 
citing a few originally created pro¬ 
grams that not only explain the funda¬ 
mentals of programming but can 
provide hours of fun to the user. In the 
following few chapters, word pro¬ 
cessing, spread sheets and database 
management programs have been 
exhaustively explained. 

This is followed by an introduction 
to BASIC and LOGO, two of the most 


popular programming languages. An 
introduction to useful software pack¬ 
ages, including easy writer, Vislcalc. 
P.F.S. file and P.F.S. repoij are an 
added attraction of the book. 

The book Is jargon free; understan¬ 
dable writing style completely de¬ 
mystifies the P C. Jr. A complete 
glossary of computer terms at the 
end of the book accompanied by two 
appendices enhance the usefulness 
of the book. However, the authors 
have not mentioned about assembly 
languages programs, although the 
processor used justifies a very power¬ 
ful instruction set. Also, from time to 
time, they have referred the reader to 
go through D.O.S. and other soft¬ 
ware. They should have instead Pro¬ 
vided some useful running software 

Highly priced, the book is indispen¬ 
sable for sucess with IBM's P.C. Jr. 


B.O. Prasad 

EVERYDAY INDIAN PROCESSED 
FOODS by K.T. Achaya, National 
Book Trust, Inaia, A-5, Green Park, 
New Delhi-110016, Pp. 184, Rs.13.25 

F ood science is really an amalgam 
of chemistry, biochemistry and 
microbiology with contributions from 
associated subjects. There is no clear 
division between food science and its 
applied aspect, namely, food technol¬ 
ogy. The literature on fdod science is 
important in the study of basic food 
principles. Most of us take the.food 
that we eat everyday for granted. It is 
difficult for us to find the history, 
chemistry, biochemistry,technology 
and the nutritive value of all the 
items—at least the commonly used 
foods all at one place. But the present 
book is an ideal source of such infor¬ 
mation presented forthelay reader in a 
simple and interesting manner. 

The book outlines food science 
along with technology and nutritional 
quality of Indian food—both primary 
foods like rice, wheat, milk, vegetable 
oils and the processed foods like bis¬ 
cuits, bread, cake, chocolates, pap- 
ads. pickles, vanaspati, etc. 
According to the author, foods des¬ 
cribed as processed run a wide gamut 
and even the basic staples like wheat, 
rice and dhal reach the market after 
going throughmechanical processing 


operations. Every chapter of this book 
has an interesting title. 

Laittha Valdyanathan 

WEATHER by Ian A Morrison, Lady¬ 
bird Books, Loughborough. Leices¬ 
tershire, England, Pp.51,70p net. 

ETEOflOLOG Y deals with atmos¬ 
phere and atmospheric pheno¬ 
mena; study of weather and climate. 
The term weather is used in a more 
limited sense to denote the state of 
the sky and occurrence of p^cipita- 
tion or of mist oc fog. 

In the 17th century, countless 
observant people without any instru¬ 
ments laid the foundation of 
meteorology Today it has pro¬ 
gressed into a highly technical 
science. Satellites, electronic instru¬ 
ments, very powerful computers are 
used in meteorology which relay end¬ 
less weather information with a min¬ 
imum of delay, computers solving in 
minutes—at a speed beyond the cap¬ 
ability of the human brain. Sometimes 
one wonders whether there is any 
room left for simple weather wisdom. 
But in fact, human experience is still 
the vital element which turns com¬ 
puted data into weather forecasts. 
Human observations can still provide 
unusual evidence which would help 
those who are trying to unravel the 
mysteries of the atmosphere 

It is generally those interested in 
physics and mathematics who study 
to become meteorologists. But the 
author emphasises that even those 
who have little interest in these sub¬ 
jects can become quite skilful at fore¬ 
casting what the weather will do next, 
by using their eyes and some simple 
instruments. 

This book is very useful for children 
and will help increase their powers of 
observation. Easy methods to fore¬ 
cast weather using simple instru¬ 
ments like thermometer. Stevenson 
Screen (with wet and dry thermome¬ 
ters), etc., observations on the study 
of clouds, speed of wind (Beaufort 
scale), snow and hailstorm, are given. 
A sample weather diary is given at the 
beginning. 

Lailtha VMdyanattiim 

COMPUTER AND COMPUTE) 
CONCEPTS. Computer Education 
Booklet (1) by R. Remaswamy (Avall- 
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able at 25, Chitrakala colony, Tiru> 
nagar, Madurai-625006), Pp.\ 18, 
Rs.3.00 

T he booklet under review is the first 
of the series on computer educa¬ 
tion booklets which the author pro¬ 
poses to bring out in near future. In 
this booklet, the author has ventured 
to present in short all about compu¬ 
ters. In order to use computer one 
must first develop two skills, namely, 
the problem analysis skill and the lan¬ 
guage skill. With a view to obtaining 
solution to a particular problem one 
must be able to put the problem in the 
form of a formula and then communi¬ 
cate it along with the necessary data 
to the computer. In computer terms, a 
formula, is cailed an algorithm. The 
author briefly explains how to go 
about finding the algorith-n (or a 
problem. The communication of 
algorithms to the computer is 
effected through computer lan¬ 
guages: FORTRAN. BASIC. COBOL, 
PL/1 and PASCAL. 

Learfiing a computer language 
involves essentially learning the cod¬ 
ing rules for variables, constants, 
operators and their combinations. 
These rules may look abstract for a 
beginner but with patier^ce. logical 
analysis and systematic and tho¬ 
rough study it is not difficult to learn 
and master all the computer 
languages. 

Through the booklet readers wilt 
know and learn about computers It 
will certainly enable computer enthu¬ 
siasts to acquire skills necessary for 
computer programming and the 
operation of computers. 

P.K. Mukheijee 

BIOCHEMISTRY ILLUSTRATED by 

Peter N. Campbell and Anthony D 
Srhith (Available with B I. Pubhca- 
tiorls. Promotion Department, 61-63 
Lakshmi Building. 4th Floor. Sir Phi- 
rozshah Mehta Road, Bombay 
400001). Pp 225, £3.75 

L tVINp systems displayla fasci¬ 
nating range of chemical 
processes, so much so that the entire 
development of organic chemistry 
over Its first hundred years or so 
flowed from studies of natural mate¬ 
rials Biochemistry is a composite 


subject and for satisfactorily 
expounding it. one has to know both 
chemistry and biology; a combination 
often found lacking in beginners. The 
purpose of the book is to provide an 
easy access to the subject by means 
of concise summaries of some of the 
doctrines on which a more advanced 
study of biochemistry is based. 

The authors have judiciously 
divided the subject into ten major 
areas; the first five chapters dealing 
with cells, proteins, nucleic acids, 
enzymes and coenzymes; the foilow- 
ing three chapters cover metabolism 
of carbohydrates, nitrogen and fat; 
finally, the last two chapters deal with 
membrane structure and function 
and specialized metabolism,viz., ste¬ 
roids, vitamins,etc. The sequence of 
the topics in the book is essentially 
the fundamental concepts on the sub¬ 
ject pertaining to organization, oper¬ 
ation and interdependence of 
biomolecules 

The only subjective limitation of the 
book, as the authors have admitted, is 
that It IS basically aimed at students 
interested in animal sciences, as such 
vital plant biochemical concepts like 
photosynthesis, nitrogen fixation, 
etc. could not be accommodated. A 
small chapter on practical biochemis¬ 
try would be a welcome inclusion in 
the next edition Despite a great many 
books available on this subject, the 
present one is a welcome addition 
because of its unique combination of 
illustrations and explicit text. 

P.K. Panda 

A COMPARATIVE STUDY OF COM¬ 
PUTER PROGRAMS by R Ramas- 
wamy (Available at 25. Chitrakala 
Colony, Ti run agar, Madurai-625CX)6), 
Pp 39, Rs 10 00 

A computer may be thought of as a 
data converter that converts the 
input or raw data into meaningful data 
or information. The various widely 
used computer languages are FOR¬ 
TRAN. BASIC. PASCAL, PL/1 and 
COBOL In order to appreciate the 
saliertt features m different lan¬ 
guages, It IS helpful to study the com¬ 
puter programs (or the same 
problems written in different lan¬ 
guages. It IS with this objective that 
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the booklet under review has been 
brought out. 

incorporated In Vie booklet ere the 
programs for five typical problems, 
namely, payslip program, payroll 
schedule program, instalment pay¬ 
ment program, depreciation account¬ 
ing program and the number sorting 
program, written in Fortran, Basic, 
Pascal, PL/1 and Cobol languages. 
The author has taken pains to include 
photobtocks of computer printouts of 
different programs. 

It is interesting to understand how 
the computer uses the data, Except in 
the Cobol program, the data in all 
other programs are given as part of 
the main program itself. In Fortran. 
Basic and PL/1 programs, the data 
are entered intp the program by 
means of data statements. In the case 
of Pascal, however, since no provi¬ 
sion exists for data statement, the 
data IS entered through the console 
by means of a READ statement. The 
data, in the caseof Cobol. are entered 
into the program through an external 
file. The Cobol language looks differ¬ 
ent from other languages. As a matter 
of fact, this language is more involved 
and complicated than other lan¬ 
guages. Perhaps this contributes to 
the fact that the computing capabili¬ 
ties in Cobol are less than in other 
languages. 

The study of the programs given in 
the booklet will undoubtedlygivea lot 
of insight into the programming 
methods and styles in different com¬ 
puter languages. 

P.K. Mukheilee 

ELEMENTS OF COMPUTER PRO¬ 
GRAMMING by R. Rarnaswamy 
(Available at 25, Chitrakala Colony, 
Tirunagar, Madurai-625006), Pp. 279, 
Rs. 30.00 ■ 

T he book under review isan attempt 
to educate the beginners about 
the basic elements of computer pro¬ 
gramming in FORTRAN. The intro¬ 
ductory chapter gives a brief account 
abou! functional units of a computer 
syst m, and aims at educating the 
readers about the various computer 
languages: software, hardware, etc. 
Chapter 2 discusses the Fortran char¬ 
acters and constants and the rules for 
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coding these constants. Rules foe 
coding Fortran variables and for 
forming Fortran expressions ate 
Included in chapter 3 which also dis¬ 
cusses about built-in or library func¬ 
tion. The statement which commands 
the computer to perform a computa¬ 
tion is called an arithmetic statement. 
This is discussed in chapter 4.input- 
Output statements are considered 
in chapter 5 whiie chapter 6 and 7 
discuss about control statements. 
Type declaration statements, data 
statement along with a consideration 
of rational and logical operators 
appear in chapter 8. Details of flow¬ 
charting are included in chapter 9. 
Flowchart is, in fact, like a blue print. 
As an architect draws a blue print 
before constructing a building, so a 
programmerdraws a flowchart before 
writing a program. Some flowchart 
Illustrations are also included in this 
chapter. 

Te^niques for making the pro¬ 
gram are covered in chapter 10. Some 
Fortran case studies are included in 
chapters 11 to 14. The various sub¬ 
programs including library functions, 
arithmetic statement functions, func¬ 
tion subprograms' and subroutine 
subprograms are discussed in chap¬ 
ters 15 and 16. 

Programming by itself is a complex 
task indeed. Though it is not possible 
to eliminate the complexity alto¬ 
gether, attempts can, however, be 
made to considerably simplify this 
seemingly difficult task. This has led ’ 
, to the development of a new program¬ 
ming discipline called ‘structured 
programming'. This is discussed in 
chapter 17 . Chapter 18 is devoted to 
considering file operations in FOR¬ 
TRAN. In particular, this chapter dis¬ 
cusses how to create program and 
data files and about the file activating 
commands. 

The book is presented in a logical 
and systematic way. The biblio¬ 
graphy at the end of the book will 
definitely serve as a ready reference 
for the readers. The book will no 
doubt be of value for the beginners in 
FORTRAN and for computer enffiu- 
siasts as well. Some attention must, 
however, be given to minimise the 
printing errors. 

P.K. Mukherjee 


PL/1 CASE STUDIES by R. 
Ramaswamy (Available at 25, 
Chitrakala Colony, Tirunagar, 
Madurai-625006), Pp. 77. Rs. 10.00 

T he booklet under review 
includes photoblocks of the 
computer printouts of fifty PL/1 
programs relating to scientific as well 
as business problems. 

PL/1 is one of the computer lan¬ 
guages that is widely used through¬ 
out the world', the other popularly 
used languages being FORTRAN, 
BASIC, PASCAL and COBOL. A 
PL/1 program essentially is made of 
one or more PROCEDURES. One of 
these Js the most essential MAIN 
PROCEDURE. Within this are 
embedded the other PROCEDURES 
which may be present in the program 
proper. 

The programs incorporated in the 
booklet under review, however, use 
only the MAIN PROCEDURE. The 
various statements in a PL/1 program 
are written following some set order. 
The program starts with the PROCE¬ 
DURE statement followed by the 
declare statement, the processing 
statements and terminates finally 
with the END statement. All the state¬ 
ments in a PL/1 program must end 
wfth a semicolon. Further, it is man¬ 
datory to declare all the variables 
used for computation, which are 
generally declared as Float Binary. 

The readers will certainly benefit 
from the programs included in the 
booklet. Although the programs have 
been run on an ORION 8000 Compu¬ 
ter System they will be useful to 
other computer systems as well. 
Those who have learnt, or are in the 
process of learning, PL/1 language 
will also gain a lot from these pro¬ 
grams. A good endeavour by the 
author indeed! 

P.K. Mukherjee 

FORTRAN CASE STUDIES by R 

Ramaswamy (Available at 25, Chitra¬ 
kala Colony, Tirunagar, Madurai- 
625006), Pp 54. Rs. 10.00 

A S the title itself suggests, 

. the present book (or more aptly 
the booklet) discusses as to how one 
can go about developing algorithms 
and writing programs. A total of forty 


Fortran programs related to scietllific 
as well as business problems nas 
been included in the book. Though 
all these programs have been run in 
the ORION 8000 Computer System, 
the basic programming is applicable 
to other computer systems as well. 
The author has taken pains to 
include photobiocks of the actual 
computer printouts. Some of the 
case studies concerning scientific 
problems include square root pro¬ 
gram, factorial program, HCF-LCM 
program, array reverse program, 
bubble sorting program, alphabetiz¬ 
ing program, matrix addition ahd 
multiplication programs, histogram 
program, graph plotting program, 
forward difference table program, 
least square fitting program, Lagran- 
gian interpolation program and the 
numerical integration program. Busi¬ 
ness programs covered in the book 
are payslip program, payroll sche¬ 
dule program, instalment payment 
program, depreciation payment pro¬ 
gram, sales report program, bank 
accounting program and coding and 
decoding programs. 

The programs will certainly help 
beginners and computer enthusiasts 
to write computer programs by them¬ 
selves. Those who have learnt or in 
the process of learning Fortran lan¬ 
guage will also be benefitted by 
these programs. However, some 
effort is needed to minimise the 
printing errors that have crept in the 
book. 

P.K. Mukherjee 

TELEVISION—HOW IT WORKS by 

RPA Edwards, Ladybird Books 
Loughborough, England. (Available 
with Penguin Overseas Ltd., 706 Eros 
Apartments, 56 Nehru Place, New 
Delhi-110019). Pp 51. £ 0.70 

(Rs. 11.40). 

T he author has done a good 
job of explaining the steps 
involved from the transmission to the 
reception of television programmes. 
Anyone with knowledge of elemen¬ 
tary science can easily get familiar 
with what goes on in a TV Studio and 
how the TV set receives the signals. 
The book is profusely rllustrated with 
coloured diagrams, which not only 
add to the beauty of the book but 
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also explain lucidly the working of 
colour Tv sets. It also explains cover¬ 
age of 'out-of-the studio' broadcasts 
as well as the use of satellites in 
transmission of TV programmes all 
over the world. A vocabulary of 
important terms used is given at the 
end. It is certainty a good buy at this 
moderate price, perticularly for lay¬ 
men. 

B.L. Arora 

Books received 

1. CHEMICAL AND METALLUR¬ 


GICAL THERMODYNAMICS by 

Madan Lai Kapoor, (available 
with :Nem Chand & Bros..Civil 
Linos. Roorkee-247667J Pp 567, 
Rs. 42.50 

2. WHICH MICRO A SOFTWARE 
REVIEW HOME COMPUTERS: 
THE COMPLETE BUYER'S 
GUIDE edited by Hazel James, 
(Available with ; B./. Publications 
Pvt. Ltd., Promotion Depart¬ 
ment, 61-63 Lakshmi Building 
4th Floor, Sir Phirozshah Mehta 
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Road, Bombay-400001 ).Pp. 88, 
£ 4.95 

3. DESIGN OP MICROPROCES¬ 
SOR BASED SYSTEMS by V.K. 
Bansal, WIlay Eastarn Limited, 
4835/24 Ansari Road, Daryaganj, 
New Delhi-110002. Pp. 148 

4. TWILIGHT AT THE WELL OP 
SOULS by JackI Chalker, Pen¬ 
guin books (Available with: Pen¬ 
guin Overseas Ltd., 706 Eros 
Apartment, 56 Nehru Place, New 
Delhi-il0019). Pp. 304, Rs.40.75 
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Treatment 

It has been observed that 30%-40% 
of patients conceive during the period 
of investigation indicating thereby a 
psychological factor, or some minor 
factor that was responsible for infer¬ 
tility. Otherwise, the treatment of 
infertility requires surgery or long¬ 
term medication. Sometimes the 
advice of timing coitus to coincide 
with ovulation may be very helpful. 
For an infection, antibiotics may be 
given to cure it. For tuberculosis anti- 
tubercular drugs are prescribed. 

In women, clomiphene citrate may 
be used for ovulation disorders given 
orally from 5th day of menstrual cycle 
for 5 days in varying doses from 50 mg 
to 250 mg. Sometimes bromocriptine 
IS used to induce ovulation in women 
with high prolactin level. Human 
menopausal gonadotrophin and 
human chorionic gonadotrophin may 
also be used for induction of ovula¬ 
tion. Surgical treatment may be car¬ 
ried out for blocked fallopian tubes 
and congenital defects in females, 
and on male genital organs for the 
blocked sperm duct and varicocele. 


If the defect is in the maie in form of 
low sperm count or defect in ejacula¬ 
tion, a technique called artificial 
insemination with husband's semen 
(AIH) mey be tried. The aim of AIH is 
to assure that maximum number of 
sperms reach the fallopian tubes, in 
this technique, first part of the ejacu¬ 
late, which contains maximum 
number of sperms, is placed at the 
entrance to the cervix, inside the 
endocervical canal or In the uterus at 
about the time of ovulation. 

If all these measures fail and still the 
couple is keen to have a baby, the 
iatest method of ‘embryo transfer' 
commonly known as 'test tube baby’ 
can be suggested. In this method, in 
the first instance, hormonal therapy is 
given to stimulate ovarian activity and 
then to induce ripening of the ovarian 
follicle that releases the ova. One or 
more ova are recovered by laparo¬ 
scopy which are incubated for about 
six hours before a carefully washed 
sperm sample is added. If fertilization 
occurs, the eggs are further incu¬ 
bated until the 2-8 cell stage is 
reached. They are then transferred 
into the uterus and hormonal therapy 


is given for proper implantation. Suc¬ 
cess rate of this procedure Is only 
about 10%. It is a very costly proce¬ 
dure and IS still in the experimental 
stage. 

About half of the all infertile cou¬ 
ples will not be able to have a child of 
their own even after months or years 
of therapy. In such cases a proper 
counselling is advised. The couple 
may be advised to accept their infer¬ 
tility so that they do not continue to 
spend time and money fruitlessly 
seeking a cure. If the defect is in the 
male, then artificial insemination with 
a healthy donor sperm may be tried. 
The last resort for an infertile couple 
is to adopt a child within proper rules 
and regulations. 


A.K. Khanna 

Lecturer in Surgery 
Anuradha Khanna 

Lecturer in Obstetrics 
and Gynaecology 
Institue of Medical 
Sciences, BHU 
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ENVIRONMENT (Continued from page 123} 


within limits and prevent population 
explosion of macrophytic species as 
well as the overtaking,of the lake by 
algal blooms that otherwise are the 
natural results of nutrient 
enrichment. 
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